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IMPLEMENTATION OF ENVIRONMENTAL
TREATIES

WEDNESDAY, JULY 24, 2002

U.S. SENATE,
COMMITTEE ON ENVIRONMENT AND PUBLIC WORKS,
COMMITTEE ON FOREIGN RELATIONS,
Washington, DC.

The committees met, pursuant to notice, at 10:35 a.m. in room
406, Senate Dirksen Building, Hon. James M. Jeffords [chairman
of the Committee on Environment and Public Works], presiding.

Present from the Committee on Environment and Public Works::
Senators Jeffords, Chafee, and Corzine.

Present from the Committee on Foreign Relations: Senators Sar-
banes and Feingold.

OPENING STATEMENT OF HON. JAMES M. JEFFORDS,
U.S. SENATOR FROM THE STATE OF VERMONT

Senator JEFFORDS. This hearing will come to order.

I am glad to be here with my distinguished co-chair from the
Foreign Relations Committee, Senator Sarbanes, for this joint hear-
ing. 1 appreciate his willingness to explore today’s topic and the
fact that he has joined me as a cosponsor of S. 556, the Clean
Power Act. I would also like to applaud him for his work to bring
iqonll{e truth and sanity to America’s accounting nightmare. Good
uck.

The United States is an economic and military superpower, per-
haps the lone superpower. But as the old adage goes, with great
power comes great responsibility. We are able to project great
might far beyond our borders. We are also capable of contributing
to environmental and natural resource damage far beyond our bor-
ders and far in excess of other countries.

The question is, are we acting responsibly to curb negative im-
pacts abroad and at home?

Are we being good global neighbors and, at a minimum, keeping
our word?

It seems that we may be keeping our literal word, given the very
broad language in many of the agreements, but, in practical terms,
it seems that we are not trying very hard to keep up with the spirit
of some of our commitments.

The time is ripe for Congress to review how the Administration
is implementing our environmental agreements and commitments.
Leaders of many countries will be meeting in Johannesburg, South
Africa, in late August at the World Summit on Sustainable Devel-
opment. The occasion is the tenth anniversary of the United Na-
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tions Conference on Environmental Development held in Rio. I am
pleased to note that the Secretary General of that conference, Mr.
Maurice Strong, is here today to give us an historical perspective
on the event and its lasting effect.

The conferees will be met by a very different U.S. delegation in
South Africa. The previous Bush Administration provided extensive
support to the Rio Earth Summit and brought many new initiatives
to the negotiating table. But this Administration is likely to send
a smaller and lower level delegation and has sought to narrow the
scope of its discussions. This has apparently included an effort to
keep the global climate change off the agenda.

I am troubled by the Administration’s approach to global warm-
ing, especially in light of the Sense of Congress approved by the
Foreign Relations Committee and made part of the Senate-ap-
proved Energy Bill in April. That resolution says the United States
should take responsible action to ensure significant and meaningful
reductions in emissions of greenhouse gases from all sectors. But
it does not appear that responsible action is taking place and emis-
sions continue to grow.

As my friend Senator Chafee pointed out during our committee’s
markup on the Clean Power Act, the Administration’s Climate Ac-
tion Report says, “A few ecosystems such as alpine meadows in the
Rocky Mountains and some Barrier Islands are likely to disappear
entirely in some areas. Other ecosystems are likely to experience
major species shifts.”

Our treaty commitment says, “The ultimate objective of the
Framework Convention on Climate Change is to stabilize green-
house gas concentrations in the atmosphere at the level that will
prevent dangerous anthropogenic interference with the climate sys-
tem. Such a level should be achieved within a timeframe sufficient
to allow ecosystems to adapt naturally to climate change.” Since
these ecosystems are likely to disappear entirely because of the
man-made global warming and will not able to adapt naturally, it
appears that we have entered into a zone of “dangerous inter-
ference.”

Since these are real threats of serious or irreversible damage, the
lack of full scientific certainty about cause and effect should not be
used as an excuse for not reducing emissions now. That is our com-
mitment. Instead of acting to reduce emissions, the Administra-
tion’s approach guarantees that greenhouse gas emissions will rise.
According to Mr. Connaughton’s recent testimony, there is no ques-
tion about that.

This kind of inaction does not compact with our commitments
under the Framework Convention and the Sense of Congress, com-
mon sense, or the National Environmental Policy Act, NEPA. In
1969, NEPA became law. It was probably the first adoption of a
sustainable development philosophy by a government in the world.
To paraphrase it, it says, “It is the continuing policy of the Federal
Government to use all practicable means and measures to create
and maintain conditions under which man and nature can exist in
productive harmony and fulfill the social, economic, and other re-
quirements of present and future generations of Americans.”

Unfortunately, the Administration seems to have lost sight of
these future generations of Americans. Economic development that
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does not factor in the environment of quality of life of those future
generations is not sustainable. The Administration and other oppo-
nents of the Kyoto Protocol claim that the actions that significantly
reduce greenhouse gas emissions cost too much now. They need to
look at the long term. They also need to look at the many studies
that have been done that show a net positive impact of reducing
emissions.

I ask unanimous consent that the two studies by Tellus Institute
and a list of other studies be placed in the record.

[The referenced documents follow:]

[World Wildlife Fund, October 2001]

CLEAN ENERGY: JOBS FOR AMERICA’S FUTURE
A STUDY FOR WORLD WILDLIFE FUND

(By Alison Bailie, Stephen Bernow, William Dougherty, Michael Lazarus, Sivan
Kartha, Tellus Institute and Marshall Goldberg, MRG & Associates)
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About the Tellus Institute

Founded in 1976 as a nonprofit research and policy organization, Tellus addresses
a broad range of environment and resource issues. The Institute’s staff of 50 sci-
entists and policy analysts is active throughout North America and the world. Inter-
nationally, Tellus works closely with the Stockholm Environment Institute, hosting
SET’s Boston Center since 1989. The transition to a sustainable world must occur
at many levels. Tellus contributes to this goal through its work on global scenarios,
regional and national strategies, community sustainability and industrial ecology.
Projects focus on such areas as energy, water, waste, transportation, and integrated
sustainability planning. This institutes diverse sponsors—foundations, governments,
multilateral organizations, nongovernmental organizations and business—reflect
this varied program.

EXECUTIVE SUMMARY

Over the past three decades national energy policy has been the subject of intense
debate and policy innovation. Americans were buffeted by oil embargoes and price
increases in the 1970’s, enjoyed low energy prices in the 1980’s, and today face the
consequences of electricity deregulation, energy supplier market power and regional
price spikes. To meet these challenges the public and policymakers have called for
the expansion of policies to ensure that energy services remain readily available and
affordable, while protecting public health and the environment. These policies,
which helped to produce the low energy prices of the 1990’s, include appliance effi-
ciency standards, energy-saving building codes, vehicle fuel efficiency and tailpipe
emissions standards, clean air legislation, and caps on pollution from power plants.
Over the 30-year period during which these policies have been in effect, the United
States has reduced its energy per unit Gross Domestic Product by about one-third,
even though the economy grew by 160 percent.
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In order to create a responsible, forward-looking energy policy, the United States
will need to examine a number of important issues. Will the policy help meet Amer-
ica’s energy needs? Will it enhance national security? Will it contribute to a strong
economy? Will it help meet America’s needs for a safe and healthy environment? In
order to begin to answer these questions, World Wildlife Fund commissioned the
Tellus Institute to consider the potential impacts of implementing a broad suite of
clean energy policies over the next 20 years.

Our national choices regarding the production and use of energy have serious im-
plications for our environment. At every step of the process, from extraction, to re-
fining, to transport and combustion, fossil fuels have negative impacts on land and
water-based ecosystems. In addition to these well-known effects, it is now clear that
overreliance on fossil fuels is a major cause of climate change. Because we consider
climate change one of the greatest global threats to biodiversity, we chose to con-
sider a suite of policies that would address our energy needs while reducing our de-
pendence on fossil fuels and decreasing emissions of greenhouse gases. We call this
suite of policies the Climate Protection Scenario.

This study analyzes the employment, macroeconomic, energy and environmental
impacts of implementing the Climate Protection Scenario. These policies were com-
pared with a base case based on Energy Information Administration’s Annual En-
ergy Outlook (EIA, 2001).

Climate Protection Scenario

Buildings and Industry Sector
¢ Building Codes
Appliance and Equipment Standards
Tax Credits
Public Benefits Fund
Research and Development
Voluntary Measures
¢ Cogeneration for Industrial and District Energy
Electric Sector
« Renewable Portfolio Standard
¢« NOx/SO; Cap and Trade
¢ Carbon Cap and Trade
Transport Sector
¢ Automobile Efficiency Standard Improvements
¢ Promotion of Efficiency Improvements in Freight Trucks
¢ Aircraft Efficiency Improvements

e o o o o

Greenhouse Gas Standards for Motor Fuels
Travel Demand Reductions and High Speed Rail

Implementing these policies would help address many of our most pressing con-
cerns about energy supply, the economy, employment, energy security, and the envi-
ronment. We found that they would lead to net increases in employment over the
next 20 years. They would reduce our dependence on oil and other fossil fuels, there-
by greatly increasing our energy security. Household energy bills would decrease de-
spite a small increase in the price of electricity. And, we could mitigate climate
change and other air pollution problems. A more detailed description of the benefits
can be found in the findings section below.

The benefits of implementing the Climate Protection Scenario would be spread
widely across all States and all sectors of the economy—including construction,
transportation, motor vehicles, manufacturing, services, retail trade and agriculture.
However, some industries within the energy sector would not share in the economic
benefits from this transition, as the economy’s reliance on carbon-intensive fossil
fuels would decline. This suggests that while there would be widespread gains to
workers throughout the economy, it would be necessary to provide assistance and
support in order to ensure a just transition for workers who would otherwise be dis-
placed during the beginning of this transition.

FINDINGS

If Congress were to implement the policies outlined in WWF’s Climate Protection
Scenario, the United States could reap the following benefits:

¢ A net annual employment increase of over 700,000 jobs in 2010, rising to ap-
proximately 1.3 million by 2020;

e An 8.5 percent decline in carbon emissions between 2000 and 2010, as opposed
to the approximately 20 percent increase projected in the base case, and a 28 per-
cent decline between 2000 and 2020 rather than a 36 percent increase;
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* Twenty percent of the electricity generation needed in 2020 would come from
wind, solar, biomass and geothermal energy;

¢ Oil consumption would decline by approximately 8 percent between 2000 and
2020, rather than increase by about 31 percent, thereby saving money and reducing
the vulnerability of citizens and our economy to oil price shocks;

¢ Overall dependence on the consumption of fossil fuels would decline more than
%5 percent between 2000 and 2020, rather than increasing by 40 percent as in the

ase case;

« Households and businesses would accumulate savings of over $600 billion by
2020;

« 'GDP would be about $43.9 billion above the base case in 2020;

¢ Energy-related emissions of air pollution would be dramatlcally reduced—Dby
2020, emissions of sulfur dioxide would be virtually eliminated, while nitrogen oxide
emissions would be almost halved, and emissions of fine particulates, carbon mon-
oxide, volatile organic compounds and mercury would be substantially reduced;

«  An additional $51.4 billion in wage and salary compensation by 2020 relative
to the base case;

« Each State would experience a positive net job impact, rising to about 140,000
in California by 2020; and

¢ Electricity sales from central station power stations would be about half of pro-
jections for 2020, owing to the policy of promotion of more efficient equipment in
homes and offices and the use of waste heat in combined heat and power plants in
buildings and factories.

INTRODUCTION

Over the past three decades national energy policy has been the subject of intense
debate and policy innovation. Americans were buffeted by oil embargoes and price
increases in the 1970’s, enjoyed low energy prices in the 1980’s, and today face the
consequences of electricity deregulation, energy supplier market power and regional
price spikes. To meet these challenges the public and policymakers have called for
the expansion of policies to ensure that energy services remain readily available and
affordable, while protecting public health and the environment. These policies,
which helped to produce the low energy prices of the 1990’s, include appliance effi-
ciency standards, energy-saving building codes, vehicle fuel efficiency and tailpipe
emissions standards, clean air legislation and caps on pollution from power plants.
Over the 30-year period during which these policies have been in effect, the United
States has reduced its energy per unit Gross Domestic Product by about one-third,
even though the economy grew by 160 percent.

In order to create a responsible, forward-looking energy policy the United States
will need to examine a number of important issues. Will the policy help meet Amer-
ica’s energy needs? Will it enhance national security? Will it contribute to a strong
economy? Will it help meet America’s needs for a safe and healthy environment? In
order to begin to answer these questions, World Wildlife Fund commissioned the
Tellus Institute to consider the potential impacts of implementing a broad suite of
clean energy policies over the next 20 years.

Our national choices regarding the production and use of energy have serious im-
plications for our environment. At every step of the process, from extraction, to re-
fining, to transport and combustion, fossil fuels have negative impacts on land and
water-based ecosystems. In addition to these well-known effects, it is now clear that
overreliance on fossil fuels is a major cause of climate change. Because we consider
climate change one of the greatest global threats to biodiversity, we chose to con-
sider a suite of policies that would address our energy needs while reducing our de-
pendence on fossil fuels and decreasing emissions of greenhouse gases. We call this
suite of policies the Climate Protection Scenario.

This study analyzes the employment, macroeconomic, energy and environmental
impacts of implementing the Climate Protection Scenario. These policies were com-
pared with a base case based on Energy Information Administration’s Annual En-
ergy Outlook (EIA, 2001).

Climate Protection Scenario

Buildings and Industry Sector
¢ Building Codes
Appliance and Equipment Standards
Tax Credits
Public Benefits Fund
Research and Development
Voluntary Measures
Cogeneration for Industrial and District Energy

e o o o o o



Electric Sector
¢ Renewable Portfolio Standard
¢« NOx/SO; Cap and Trade
¢ Carbon Cap and Trade
Transport Sector
¢ Automobile Efficiency Standard Improvements
¢ Promotion of Efficiency Improvements in Freight Trucks
¢ Aircraft Efficiency Improvements
¢ Greenhouse Gas Standards for Motor Fuels
¢ Travel Demand Reductions and High Speed Rail

A detailed description of the policies can be found in Annex A.

By implementing this suite of policies we can bring together the various strands
connecting our energy, environment, climate, and economic policies into a coherent
and harmonious strategy. The expected employment, energy and economic, and en-
vironmental impacts are discussed in separate sections below. A detailed description
of the methodologies applied can be found in Annex B.

I. EMPLOYMENT AND MACROECONOMIC IMPACTS

The study finds that implementation of the Climate Protection Scenario could lead
to a net annual employment increase of over 700,000 jobs by 2010, increasing to
about 1.3 million by 2020, while increasing overall national GDP and incomes.
These benefits are spread widely across all sectors of the economy—including con-
struction, transportation, motor vehicles, manufacturing, services, retail trade and
agriculture. The benefits derive from using our energy resources more efficiently
and cost-effectively, commercializing cleaner technologies, and recycling the reve-
nues of an electric sector carbon cap and permit trade system to households and
businesses. Each State would enjoy net increases in employment; incomes and eco-
nomic output as benefits are likely to be spread widely across the country.

As the economy’s reliance on carbon-intensive fossil fuels declines, some indus-
tries within the energy sector would not share in the economic benefits from this
transition. This suggests that while there would be widespread gains to workers
throughout the economy, it would be necessary to provide assistance and support
that ensured a just transition for workers who would otherwise be displaced during
the beginning of this transition. One source of financial resources for this assistance
could be a portion of the revenues derived from the government auction of carbon
permits. At the same time, energy suppliers could offset some potential employment
losses by moving aggressively into the energy efficiency and renewable energy busi-
nesses and assisting their work forces in transitioning to these new fields. For ex-
ample, with electric sector restructuring, some existing utilities and suppliers could
shift toward providing energy-efficiency services and alternative energy. Similarly,
natural gas and oil suppliers could shift toward providing alternative fuels such as
those derived from biomass, wind, and solar resources.

National Impacts

Estimation of the macroeconomic impacts of the climate protection policies was
based on the incremental investments and savings required to implement the poli-
cies found in the July 2001 study. The analysis tracks expenditures on more effi-
cient lighting, high efficiency motors, more efficient automobiles and many other en-
ergy-using technologies that reduce consumption of high carbon fuels. These expend-
itures create incomes and jobs for the manufacturers and workers who produce the
equipment and for the industries and workers who supply and service those pro-
ducers. They also reduce the energy bills of offices, firms and households who utilize
the more efficient technologies. The savings on energy bills will create additional in-
come and jobs in the industries and services in which these new savings are spent.
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The set of policies analyzed here gives rise to large energy savings, positive job
impacts and new opportunities that far exceed the losses that would occur in the
traditional energy supply sectors. The analyses also take account of recycling back
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to households and business the revenues derived from government auction of carbon
permits to electricity suppliers.

Figures la, 1b and 1c show the positive macroeconomic impacts of the Climate
Protection Scenario—overall increases above base case in jobs, in incomes per house-
hold (a benefit in addition to household energy bill savings) and in GDP. By the
year 2020, there would be an additional $400 per household increase in annual
wage and salary earnings ($51.4 billion total), while about 1.3 million net new jobs
would be created, relative to the base case. At the same time, GDP is projected to
be about $43.9 billion above the base case in 2020. Major contributions to increases
in annual wage and salary earnings arise from purchases of energy efficient equip-
ment and the spending of net energy bill savings by businesses and households.
While these increases are significant, the impacts are relatively small in comparison
to overall economic activity. For instance, increasing the nation’s GDP by $43.9 bil-
lion in 2020 represents only 0.4 percent of the $11.8 trillion (1998$) projected GDP
for that year.

Table la shows that by 2010 there could be a net job increase of almost 750,000
jobs, with a net increase in annual wage and salary compensation of about $220 per
household ($26 billion total) and a $23 billion net increase in GDP. Table 1b reveals
that by 2020 these figures could grow to a net job increase of slightly more than
1.3 million jobs, a net increase in annual wage and salary compensation of about
$400 per household ($51 billion total) and a net increase in GDP of $44 billion.

Table 1a: Macroeconomic Impacts of Policy Scenario by Sector, 2010

Net Change in Wage

Net Change and Salary
Net Change in
Compensation GDP (Million
99

In Jobs (Million 1998$)
1998%)

Agriculture 18,600 $160 $530
Other Mining 6,900 $420 $880
Coal Mining (10,100) ($990) ($2,090)
0il/Gas Mining (26,900) ($2,280) ($9,040)
Construction 353,200 $10,440 $14,990
Food Processing 2,700 $110 $210
Other Manufacturing 52,500 $3,980 $6,020
Pulp and Paper Mills 2,800 $240 $390
0il Refining (2,600) ($260) ($780)
Stone, Glass, and Clay 14,100 $750 $1,260
Primary Metals 11,800 $940 $1,360
Metal Durables 30,400 $2,140 $3,520
Motor Vehicles 36,500 $2,810 $4610
Transportation, Communication, and Utilities 21,500 $1,100 $2,240
Electric Utilities (18,400) ($1,900)  ($10,070)
Natural Gas Utilities (16,700) ($1,520) ($5,510)
Wholesale Trade 5,600 $350 $640
Retail Trade 14,400 $290 $510
Finance 31,600 $2,380 $4,890
Insurance/Real Estate (5,900) ($160) ($1,110)
Services 191,900 $5,730 $8,080
Education 3,800 $140 $140
Government 27,200 $1,180 $1,550

Total 744,900 $26,050 $23,220

Table 1b: Macroeconomic Impacts of Policy Scenario by Sector, 2020

Net Change in Wage

Net Change and Salary
Net Change in
Compensation  GDP (Million

In Jobs (Million 1998$)
1998§)
Agriculture 63,100 $620 $2,120
Other Mining 11,200 $870 $1,830

Coal Mining (23,900 ($2,340) ($4,940)
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Table 1b: Macroeconomic Impacts of Policy Scenario by Sector, 2020—Continued

Net Change in Wage

Net Change and Salary
Net Change in
Compensation ~ GDP (Million

In Jobs (Million 1998$)
1998%)

Oil/Gas Mining (61,400) ($5,2100  ($20,600)
Construction 340,300 $10,460 $15,030
Food Processing 16,100 $750 $1,380
Other Manufacturing 77,900 $9,360 $14,160
Pulp and Paper Mills 5,000 $570 $950
0il Refining (6,300) ($650) ($1,910)
Stone, Glass, and Clay 24 800 $1,630 $2,750
Primary Metals 18,600 $2,190 $3,180
Metal Durables 42,000 $4,670 $7,670
Motor Vehicles 54,300 $5,090 $8,350
Transportation, Communication, and Utilities 50,500 $3,320 $6,750
Electric Utilities (35,100) ($5,180)  ($27,540)
Natural Gas Utilities (26,200) ($3,080  ($11,180)
Wholesale Trade 12,400 $1,030 $1,890
Retail Trade 190,300 $4,410 $7,680
Finance 42,100 $4,570 $9,410
Insurance/Real Estate 11,900 $350 $2.420
Services 394,600 $13,080 $18,460
Education 33,200 $1,330 $1,340
Government 78,900 $3,550 $4.660

Total 1,314,300 $51,390 $43,860

State-By-State Employment Impacts

The preceding analysis suggests that implementing the Climate Protection Sce-
nario policies would result in substantial net employment gains at the national
level. Yet, estimates of State-level impacts provide important additional insight into
the benefits of such a policy initiative.

The detailed distribution of the national employment impacts across the States is
difficult to predict. However, it is likely that the large net benefits found in tables
la and 1b will be rather widely and evenly distributed across the States, largely
owing to the widespread effects of respending the energy savings. The results of our
indicative analysis of the State-level employment are given in table 2.

Table 2: Job Impacts by State

State Net Job Gain 2010 Net Job Gain 2020
0l ... Alabama 13,100 22,600
02 ... Alaska 2,800 5,000
04 ... Arizona 11,200 19,900
05 ... Arkansas 7,500 13,200
06 ... California 77,400 141,400
08 ... Colorado 10,000 17,700
09 ... Connecticut 7,800 14,100
10 ... Delaware 2,200 3,800
11 ... District of Columbia 1,600 3,500
12 ... Florida 37,000 66,300
13 . Georgia 21,300 38,300
15 ... Hawaii 2,700 5,000
16 ... Idaho 3,500 6,200
17 lllinois 31,900 56,400
18 ... Indiana 20,900 36,000
19 . lowa 8,300 14,700
20 ... Kansas 7,100 12,500
21 Kentucky 11,500 19,300
22 ... Louisiana 19,200 32,900
23 Maine 3,700 6,600
24 .. Maryland 12,500 22,000

25 ... Massachusetts 14,500 26,700
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Table 2: Job Impacts by State—Continued

State Net Job Gain 2010 Net Job Gain 2020

26 ... Michigan 29,800 51,000
27 ... Minnesota 13,400 24,000
28 ... Mississippi 7,200 12,600
29 .. Missouri 15,100 26,600
30 ... Montana 2,300 4,000
31 ... Nebraska 4,700 8,500
32 Nevada 5,300 9,100
33 .. New Hampshire 2,800 5,000
34 ... New Jersey 20,200 36,200
35 ... New Mexico 4,200 7,100
36 New York 38,000 68,200
37 .. North Carolina 22,400 38,900
38 ... North Dakota 1,900 3,300
39 Ohio 34,600 59,900
40 ... Oklahoma 8,200 13,700
41 ... Oregon 8,600 15,600
42 .. Pennsylvania 31,600 55,500
44 ... Rhode Island 2,100 3,900
45 ... South Carolina 11,500 20,000
46 ... South Dakota 2,000 3,500
47 ... Tennessee 17,100 29,800
a8 ... Texas 71,500 123,400
49 ... Utah 5,700 10,300
50 ... Vermont 1,600 2,800
51 ... Virginia 18,500 32,100
53 .. Washington 16,600 29,700
54 .. West Virginia 3,800 6,000
55 Wisconsin 14,900 26,300
5 ... Wyoming 1,700 2,600

Total 744,900 1,314,300

Some of these State-level employment impacts are associated with the direct ex-
penditures made for more efficient equipment and renewable technologies and fuels.
Although manufacturers and venders of relevant products and services may not be
uniformly spread across the States, they are rather widely dispersed. For example,
manufacturers of advanced power plants, including gas turbines, natural gas com-
bined cycle systems, combined heat and power units and fuel cells are located in
many regions of the country. Manufacture of more efficient and alternative-fuel
automobiles is likely to continue to be located largely with current manufacturers.
Petroleum companies with experience in industrial chemistry can play a role in pro-
viding cellulosic ethanol or other synthetic fuels. Biomass fuels for transport and
power generation will come from States that could provide biomass feedstock. In
some States, farms could become sites for wind electric generators and derive in-
come from these facilities.

While these energy-related purchases can stimulate local economic activity and
jobs, the major drivers of the overall national employment increases are the net en-
ergy-bill savings to households and businesses, which tend to be spent on myriad
other purchases across the economy. This spending occurs broadly across all sectors,
with much of it local. In those States that supply fossil fuels, losses to these indus-
tries and related businesses would be more than offset by gains in other sectors of
those State’s economies, owing to the expenditures on more efficient equipment and
cleaner energy resources and re-spending of energy bill savings. Thus, the national
job increases—in construction, services, education, finance, government, miscella-
neous manufacturing, agriculture and other sectors—would likely be widespread
throughout the country.

While this analysis indicates that there would be overall employment benefits at
the State as well as the national level, some industries could face near-term losses
before they could adapt to new energy markets or before the benefits of the energy
efficiency measures were fully realized. Some of the savings realized from imple-
menting the policies could be used for assistance in a just transition for affected
workers and communities.

States such as Texas, which are large energy producers and have relatively low
energy prices compared with the national average, still enjoy large benefits. As table
2 indicates, the State of Texas, which currently leads the Nation in total energy con-
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sumed and is second only to California in total energy expenditures, could expect
to have a net gain of about 120,000 jobs in 2020 if these national energy policies
were adopted.

II. ENERGY IMPACTS

In this section we analyze expected impacts of the Climate Protection Scenario
policy package on energy consumption, energy prices, and household and business
energy budgets.

Figure 2a shows how the Climate Protection Scenario policies affect our depend-
ence on the consumption of fossil fuels, which declines by more than 15 percent be-
tween 2000 and 2020, rather than increasing by 40 percent as in the base case. Oil
consumption itself declines by about 8 percent between 2000 and 2020 instead of
increasing by 32 percent, largely from improved efficiency in vehicles and other
transportation modes, thereby saving money and reducing vulnerability of citizens
and our economy to oil price shocks. While most of this reduced fossil fuel depend-
ence results from policies that induce energy efficiency, figure 2a also shows that
the policy case increases the use of renewable energy, which roughly doubles from
current levels instead of remaining essentially constant.
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Figure 2b shows how electricity sales from central station power stations would
be less than half of projections for 2020, owing to the policy of promoting more effi-
cient equipment in homes and offices and using waste heat in combined heat and
power plants in buildings and factories. Electricity sales would decline by 33 percent
from 2000 to 2020 rather than increase by 45 percent. By 2020, electricity purchases
by residential, commercial and industrial consumers would be 55 percent below
business as usual and 20 percent of the remaining generation would come from
wind, solar, biomass and geothermal energy.

Figures 3a and 3b show how the policies affect natural gas prices and the costs
to households for electricity. Natural gas prices would decline to about 25 percent
lower than the base case by 2020. All sectors would enjoy declines in their electricity
bills, owing to greater efficiency, even though prices per unit of power would in-
crease in moving to cleaner generation. By 2020 residential consumers would pay
about $24 less per month.
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Figure ¥a: Natural Gas Prices, Base and Figure 3b: Monthly Eleciric Bill Savings
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Figures 4a and 4b show that net savings to households and business would be
substantial, reaching more than $600 billion combined by 2020.

Figure 4a: Cumulative Costs and Figure 4b: Comulative Costs and
Benefits — Households (billion 5) Benefits-Business, Industry (billion $)
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III. ENVIRONMENTAL IMPACTS

Virtually every step in the process of supplying energy from fossil fuels damages
the environment. Drilling, mining and pipeline installation can disrupt whole eco-
systems. Transportation of fossil fuels results in spills, threatening wildlife and
human communities that depend on the natural environment. Fossil fuel combus-
tion emits pollutants that cause global warming, acid rain and smog. Smog and
other air pollutants can exacerbate lung disease and cause crop, forest and property
damage. Acid rain acidifies the soil and water, killing plants, fish and animals that
depend on them. The impacts of global warming pose the greatest global threat to
biodiversity.

These environmental threats could be mitigated by a proactive effort to direct our
energy supply system away from its current dependence on fossil fuels and toward
increased energy efficiency and renewable energy technologies. However, current
U.S. policies point in the opposite direction. The fossil fuel and nuclear industries
continue to benefit from both direct and indirect subsidies from taxpayers, citizens
and the environment, while cleaner energy resources and more efficient technologies
are required to prove themselves in a not truly competitive marketplace. Despite the
proven economic and environmental track record of energy efficiency, renewables,
and pollution limitations, the administration’s energy plan and the House of Rep-
resentative’s energy legislation continue to promote fossil fuels at the expense of the
environment and the economy.

The policies in the Climate Protection Scenario begin to reduce our dependence
on fossil fuels and would thereby dramatically change the trajectory of U.S. carbon
emissions from their current rapidly rising path to a downward trajectory needed
for long-term climate stabilization. Figure 5 shows that between 2000 and 2010, car-
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bon emissions would decline by 8.5 percent rather than increase by the 20 percent
projected in the base case. The July 2001 study shows that the Kyoto Protocol target
could be met by implementing these cost-effective policies, reducing non-energy re-
lated greenhouse gases and utilizing international trading mechanisms. Under the
Climate Protection Scenario, by 2020 carbon emissions would be 47 percent below
business as usual and 19 percent below 1990 levels.
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At the same time, the proposed policies would virtually eliminate emissions of SO,
and reduce NOx emissions by almost 30 percent, as shown in figures 6a and 6b
below. In addition, the proposed policies would substantially reduce emissions of
fine particulates, carbon monoxide, volatile organic compounds and mercury.
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ANNEX A
POLICIES

This study examines a broad set of national policies that would increase energy
efficiency, accelerate the adoption of renewable energy technologies, and shift to less
use of carbon-intensive fossil fuels. The policies address major areas of energy use
in the buildings, industrial, transport, and electrical sectors. Analyses of the invest-
ment costs and energy savings of policies to promote energy efficiency and cogenera-
tion in the residential, commercial, and industrial sectors were taken primarily from
the American Council for an Energy Efficient Economy (1999; 2001).

Below we group these policies into the particular sector where they take effect,
and describe the key assumptions made concerning the technological impacts of the
individual policies. Unless otherwise indicated, each of the policies is assumed to
start in 2003.
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As explained further in the methodology discussion in the next section, we adapt-
ed the Energy Information Administration’s 2001 Reference Case Forecast (EIA
2001) to create a slightly revised “base case.” Our policies and assumptions build
on those included in this base case forecast (i.e., we avoid taking credit for emissions
reductions, costs, or savings already included in the EIA 2001 Reference Case).
When taken together, the policies described in this section represent a Climate Pro-
te(étion Scenario that the United States could pursue to achieve significant carbon
reductions.

Policies in the Buildings and Industrial Sectors

Carbon emissions from fuel combustion in the buildings (including both residen-
tial and commercial) sector account for about 10 percent of U.S. greenhouse gas
emissions, while emissions from the industrial sector account for another 20 percent.
When emissions associated with the electricity consumed are counted, these levels
reach over 35 percent for buildings and 30 percent for industry. We analyzed a set
of policies that include new building codes, new appliance standards, tax incentives
for the purchase of high efficiency products, a national public benefits fund, ex-
panded research and development, voluntary agreements, and support for combined
heat and power.

Building Codes

For this policy, we assume that DOE enforces the commercial building code re-
quirement in the Energy Policy Act of 1992 (EPAct) and that States comply. We also
assume that relevant States upgrade their residential energy code to either the 1995
or 1998 Model Energy Code, voluntarily or following adoption of a new Federal re-
quirement. Furthermore, we assume that the model energy codes are significantly
improved during the next decade, and that all States adopt mandatory codes that
go beyond current “good practice” by 2010. To quantify the impact of these changes,
we assume a 20 percent energy savings in heating and cooling in buildings in half
of new homes and commercial buildings.

New Appliance and Equipment Efficiency Standards

For this policy, we assume that the government upgrades existing standards or
introduces new standards for key appliances and equipment types: distribution
transformers, commercial air conditioning systems, residential heating systems,
commercial refrigerators, exit signs, traffic lights, torchiere lighting fixtures, ice
makers, and standby power consumption for consumer electronics. We also assume
higher energy efficiency standards for residential central air conditioning and heat
pumps than was recently allowed by the Bush Administration. These are measures
that can be taken in the near term, based on cost-effective available technologies.

Tax Incentives

This policy provides initial tax incentives for a number of products. For consumer
appliances, we assumed a tax incentive of $50 to $100 per unit. For new homes that
are at least 30 percent more efficient than the Model Energy Code, we assumed an
incentive of up to $2,000 per home; for commercial buildings with at least 50 per-
cent reduction in heating and cooling costs relative to applicable building codes, we
applied an incentive of $2.25 per square foot. For building equipment such as effi-
cient furnaces, fuel cell power systems, gas-fired heat pumps, and electric heat
pump water heaters, we assumed a 20 percent investment tax credit. Each of these
incentives would be introduced with a sunset clause, terminating them or phasing
them out in approximately 5 years, to avoid their becoming permanent subsidies.

National Public Benefits Fund

Electric utilities have historically funded programs to encourage more efficient en-
ergy-using equipment, assist low-income families with home weatherization, com-
mercialize renewables, and undertake research and development (R&D). Such pro-
grams have typically achieved electricity bill savings for households and businesses
that are roughly twice the program costs (Nadel and Kushler, 2000). Despite these
successes, electric industry restructuring, deregulation, and increasing price com-
petition have caused utilities to reduce these “public benefit” expenditures over the
past several years. In order to preserve such programs, 15 States have instituted
public benefits funds that are financed by a small surcharge on all power delivered
to consumers.

This study’s policy package includes a national-level public benefits fund (PBF)
fashioned after the proposal introduced by Sen. Jeffords (S. 1333). The PBF would
levy a surcharge of 0.2 cents per kilowatt-hour on all electricity sold, costing the
typical residential consumer about $1 per month. This Federal fund would provide
matching funds for States for approved public benefits expenditures. In this study,
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the PBF is allocated to several different programs directed at improvements in
lighting, air conditioning, motors, and other cost-effective energy efficiency improve-
ments in electricity-using equipment.

Expancli Federal Funding for Research and Development in Energy Efficient Tech-
nologies

Federal R&D funding for energy efficiency has been a spectacularly cost-effective
investment. The DOE has estimated that the energy savings from 20 of its energy
efficiency R&D programs has been roughly $30 billion so far—more than three times
the Federal appropriation for the entire energy efficiency and renewables R&D
budget throughout the 1990’s (EERE, 2000).

Tremendous opportunities exist for further progress in material-processing tech-
nologies, manufacturing processing, electric motors, windows, building shells, light-
ing, heating/cooling systems, and super-insulation, for example. EPA’s Energy Star
programs have complemented and amplified the impact of Federal R&D, by labeling
and certifying to increase consumer awareness of energy efficiency opportunities.
R&D efforts should be increased and EPA should be allocated the funds to broaden
the scope of its Energy Star program, expanding to other products (refrigerators,
motors) and building sectors (hotels, retailers), and the vast market of existing
buildings that could be retrofitted. In this study, we assume that increased funding
to expand research and development efforts in industry (e.g., motors), buildings
(e.g., advanced heating/cooling), and transport (e.g., more fuel-efficient cars and
trucks) will lead to more energy-savings products becoming commercially available.

Industrial Energy Efficiency through Intensity Targets

There is great potential for cost-effective efficiency improvements in both energy-
intensive and non-energy intensive industries (Elliott 1994). For example, an in-
depth analysis of 49 specific energy-efficient technologies for the iron and steel in-
dustry found a total cost-effective energy savings potential of 18 percent (Worrell,
Martin, and Price 1999). In this study, we assume Federal initiatives to motivate
and assist industry to identify and exploit energy efficiency opportunities. Govern-
ment agencies would provide technical and financial assistance, and expand R&D
and demonstration programs. In addition to these carrots, government may need to
brandish a stick in order to induce a large fraction of industries to make serious
energy efficiency commitments. If industry does not respond to the Federal initia-
tives at a level sufficient to meet progressive energy efficiency targets, a mandatory,
binding energy intensity standard should be triggered to ensure the targets are at-
tained.

Support for Co-generation

Cogeneration (or, combined heat and power—CHP) is a super-efficient means of
coproducing two energy-intensive products that are usually produced separately—
heat and electricity. The thermal energy produced in cogeneration also can be used
for (building and process) cooling or to provide mechanical power. While CHP al-
ready provides about 9 percent of all electricity in the United States, there are con-
siderable barriers to its wider cost-effective implementation (Elliott and Spurr,
1999). In this study, we assume the adoption of policies to establish a standard per-
mitting process, uniform tax treatment, accurate environmental standards, and fair
access to the grid to sell or purchase electricity. Such measures would help to un-
leash a significant portion of the enormous potential for CHP. In this study, we as-
sumed 50 GW of new CHP capacity by 2010, and an additional 95 GW between 2011
and 2020. With electricity demand reduced by the various energy efficiency policies
adopted in this study, cogenerated electricity reaches 8 percent of total remaining
electricity requirements in 2010 and 36 percent in 2020.

Policies in the Electric Sector

A major goal of U.S. energy and climate policy will be to dramatically reduce car-
bon and other pollutant emissions from the electric sector, which is responsible for
more than one-third of all U.S. greenhouse gas emissions. We analyzed a set of poli-
cies in the electric sector that include standards and mechanisms to help overcome
existing market barriers to investments in technologies that can reduce emissions.
Three major policies—a renewable portfolio standard, a cap on pollutant emissions,
and a carbon cap and trade system—were analyzed as described below.

Renewable Portfolio Standard

A Renewable Portfolio Standard (RPS) is a flexible, market-oriented policy for pro-
gressively increasing the use of renewable energy resources and technologies for
electricity production. An RPS sets a minimum requirement for the fraction of total
electricity generation to be met by renewable electricity in each year, and requires
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each supplier of electricity to meet the minimum either by producing that fraction
in its mix or by acquiring credits from suppliers that exceed the minimum. The mar-
ket determines the portfolio of technologies and geographic distribution of facilities
that meet the national target at least cost. This is achieved by a trading system that
awards credits to generators for producing renewable electricity and allows them to
sell or purchase these credits. Thirteen States—Arizona, Connecticut, Hawaii, Iowa,
Maine, Massachusetts, Minnesota, Nevada, New Jersey, New Mexico, Pennsylvania,
Texas, and Wisconsin—already have Renewable Portfolio Standards. Senator Jef-
fords has introduced a bill (S. 1333) that would establish a national RPS.

The RPS provides strong incentives for suppliers to design and site the lowest
cost, highest value and most reliable renewable electricity projects. It also provides
assurance and stability to renewable technology vendors, by guaranteeing markets
for renewable power and allowing them to capture the financial and administrative
advantages that come with planning in a more stable market environment. Yet it
still maintains a competitive environment that encourages developers to innovate.
Finally, by accelerating the deployment of renewable technologies and resources, the
RPS also accelerates the learning and economies of scale that will allow renewable
resources and technologies to become increasingly competitive with conventional
technologies. This is particularly important, as the demands of climate stabilization
in coming decades will require more renewable energy than we can deploy in the
next two decades.

In this study, we have applied an RPS that starts at a 2 percent requirement in
2002, grows to 10 percent in 2010, and to 20 percent in 2020, after all efficiency
policies are included. Wind, solar, geothermal, biomass, and landfill gas are eligible
renewable sources of electricity, but environmental concerns exclude municipal solid
waste (owing to concerns about toxic emissions from waste-burning plants) and
large-scale hydro (which raises environmental concerns and need not be treated as
an emerging renewable resource as it already supplies nearly 10 percent of the na-
tion’s electricity supply). We also assume a subsidy to grid-connected solar photo-
voltaic electricity generation, in order to introduce a small amount of this technology
into the generation mix. The purpose of this is to induce technology learning, per-
formance improvement and scale economies to help achieve increased technology di-
versity and another zero emissions option for the longer term. The level is kept
small so that cost and price impacts are minimal.

Tightening of SO, and NOx Emission Regulations

The Clean Air Act Amendments currently require minimal to modest emissions
reductions through 2010 and no reductions after that. Yet, despite the improve-
ments brought about by the Clean Air Act and its amendments, recent studies have
confirmed that SO, and NOx continue to damage lake and forest ecosystems, de-
crease agricultural productivity and harm public health through its impact on urban
air quality (Clean Air Task Force, 2000.)

In this study, we assume a tightened SO cap-and-trade system that reduces sul-
fur dioxide emissions to roughly 40 percent of current levels by 2010 and to one-
third of current levels by 2020. We also impose a cap-and-trade system on NOx
emissions in the summertime, when NOx contributes more severely to photo-
chemical smog. This system expands the current cap-and-trade program, which calls
on 19 States to meet a target in 2003 that then remains constant and includes all
States with a cap that is set first in 2003 but decreases in 2010, relative to 1999
levels. The cap results in a 45 percent reduction from current annual electric sector
NOx emissions by 2010 and 83 percent by 2020.

Carbon Cap-And-Trade Permit System

This study assumes that a cap-and-trade system for carbon dioxide emissions is
introduced in the electric sector. The cap is set to achieve progressively more strin-
gent targets over time, starting in 2003 at 2 percent below current levels, increasing
to 12 percent below current levels by 2010 and 30 percent below by 2020. A progres-
sively more stringent target reduces demand for coal, and hence both combustion-
related air pollution and mining-related pollution of streams and degradation of
landscapes and terrestrial habitats.

In the SO, NOx, and CO; trading systems, permits are distributed through an
open auction, and the resulting revenues can be returned to households (e.g.,
through a tax reduction or as a rebate back to households). Recent analyses suggest
that an auction is the most economically efficient way to distribute permits, as it
would meet emissions caps at lower cost than allocations based on issuing grand-
fathered allowances or equal per kWh allowances (Burtraw, et al. 2001). Imple-
menting such auctions for the electric sector also could set the stage for an economy-



17

wide approach to carbon reduction in future years based on auctioning. In this
study, the price of auctioned carbon permits reaches $100 per metric ton carbon.

With a cap-and-trade system in place for CO,, SOx and NOx, this scenario re-
duces multiple emissions from power plants in a manner similar to proposals cur-
rently under consideration in Congress. The reductions in these three pollutants are
as deep as those imposed in four pollutant bills, and are achieved within a com-
parable timeframe. (The Department of Energy’s NEMS model unfortunately does
not explicitly track mercury, making it impossible to compare the results of this
study to the mercury requirement in S. 556 and H.R. 1256.)

Policies in the Transport Sector

Another goal of U.S. energy and climate policy will be to reduce oil use, carbon
emissions and pollution from the transport sector, which is responsible for about
one-third of all U.S. greenhouse gas emissions. We analyzed a set of policies in the
transportation sector that include improved efficiency (light duty vehicles, heavy
duty trucks and aircraft), a full fuel-cycle GHG standard for motor fuels, measures
to reduce road travel, and high speed rail.

Strengthened Fuel Economy Standards

Today’s cars are governed by fuel economy standards that were set in the mid-
1970’s. The efficiency gains made in meeting those standards have been entirely
overwhelmed by increases in population and driving, as well as the trend toward
gas-guzzling SUVs. When the fuel economy standards were implemented, light
trucks only accounted for about 20 percent of personal vehicle sales. Light trucks
now account for nearly 50 percent of new vehicle sales; this has brought down the
overall fuel economy of the light duty vehicle fleet, which now stands at its lowest
average fuel economy since 1981. If the fuel economy of new vehicles had held at
the levels for vehicles sold in 1981, rather than tipping downward, American vehicle
owners would be importing half a million fewer barrels of oil each day.

In this study, we introduce a strengthened Corporate Average Fuel Economy
(CAFE) standard for cars and light trucks, along with complementary market incen-
tive programs. Specifically, fuel economy standards for new cars and light trucks
rise from EIA’s projected 25.2 mpg for 2001 to 36.5 mpg in 2010, continuing to 50.5
mpg by 2020. This increase in vehicle fuel economy would save by 2020 approxi-
mately twice as much oil as could be pumped from an Arctic National Wildlife Ref-
uge oil field over its entire 50-year lifespan (USGS, 2001). Based on assessments
of near-term technologies for conventional vehicles, and advanced vehicle tech-
nologies for the longer-term, we estimate that the 2010 CAFE target can be met
with an incremental cost of approximately $855 per vehicle, and the 2020 CAFE tar-
get with an incremental cost of $1,900.1 To put these costs in perspective, the fuel
savings at the gasoline pump for these more efficient vehicles would be two to three
times these incremental costs over the vehicle’s lifetime. 2
Improving Efficiency of Freight Transport

We also assume policies to improve fuel economy for heavy-duty freight trucks,
which account for approximately 16 percent of all transport energy consumption.
Improvements such as advanced diesel engines, drag reduction, rolling resistance,
load reduction strategies, and low friction drivetrains would increase the fuel econ-
omy, and thus decrease the oil requirements, of freight trucks. Many of these tech-
nologies are available today while others, such as advanced diesel and turbine en-
gines, have been demonstrated technically but are not yet commercially available.

To accelerate the improvement in heavy duty truck efficiency, we have assumed
expanded R&D for heavy duty diesel technology, vehicle labeling and promotion, fi-
nancial incentives to stimulate the introduction of new technologies, efficiency
standards for medium-and heavy-duty trucks, and fuel taxes and user-fees cali-
brated to eliminate the existing subsidies for freight trucking. Together, it is esti-
mated that these policies could bring about a fuel economy improvement of 6 per-
cent by 2010, and 23 percent by 2020, relative to today’s trucks.

Improving Efficiency of Air Travel
Air travel is the fastest growing mode of travel, and far more energy intensive

than vehicle travel. One passenger mile of air travel today requires about 1.7 times
as much fuel as vehicle travel.? We assume policies to improve the efficiency of air

1Assuming a mean value at a market price of oil of $20/barrel.

2 Assuming a retail price of gasoline of $1.50/gallon, a 10-year life of the vehicle, and 12,000
miles per year.

3 Assuming typical vehicle load factors of 0.33 for autos and 0.6 for aircraft.
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travel, including R&D for efficient aircraft technologies, fuel consumption standards,
and a revamping of policies that subsidize air travel through public investments.

We assume that air travel efficiency improves by 23 percent by 2010, and 53 per-
cent by 2020, owing to a combination of aircraft efficiency improvements (advanced
engine types, lightweight composite materials, and advanced aerodynamics), in-
creased load factor, and acceleration of air traffic management improvements (Lee
et al., 2001; OTA, 1994; Interlaboratory Working Group, 2000). This is in contrast
to the base case in which efficiency increases by 9 percent by 2010 and 15 percent
by 2020. While we assume that air travel can reach 82 seat-miles per gallon by 2020
from its current 51, it is technologically possible that far greater efficiencies ap-
proaching 150 seat-miles per gallon could be achieved, if not in that time period
then over the longer term (Alliance to Save Energy et al., 1991).

Greenhouse Gas Standards for Motor Fuels

Transportation in the United States relies overwhelmingly on petroleum-based
fuels, making it a major source of greenhouse gas (GHG) emissions. We introduce
here a full fuel-cycle GHG standard for motor fuels, similar in concept to the Renew-
able Portfolio Standard for the electric sector.

The policy assumed in this study requires a 3 percent reduction in the average
national GHG emission factor of fuels used in light duty vehicles in 2010, increasing
to a 7 percent reduction by 2020. Expanded R&D, market creation programs, and
financial incentives would complement this policy. Such a program would stimulate
the production of low-GHG fuels such as cellulosic ethanol and biomass-or solar-
based hydrogen.

For this study, we assume that most of the low-GHG fuel is provided as cellulosic
ethanol, which can be produced from woody matter from agricultural residues, forest
and mill wastes, urban wood wastes, and short rotation woody crops (Walsh et al.,
1997; Walsh et al., 1999). As cellulosic ethanol can be coproduced along with elec-
tricity, we assume that electricity output reaches 10 percent of ethanol output by
2010 and 40 percent by 2020 (Lynd, 1997). We assume that the price of cellulosic
ethanol falls to $1.40 per gallon of gasoline equivalent by 2010 owing to the acceler-
ated development of the production technology, and remains at that price thereafter
(Interlaboratory Working Group, 2000).

Improving Alternative Modes to Reduce Vehicle Miles Traveled

The amount of travel in cars and light duty trucks continues to grow due to in-
creasing population and low vehicle occupancy. Between 1999 and 2020, the rate of
growth in vehicle miles traveled is projected to increase in the base case by about
2 percent per year. The overall efficiency of the passenger transportation system can
be significantly improved through measures that contain the growth in vehicle miles
traveled through land-use and infrastructure investments and pricing reforms to re-
move implicit subsidies for cars, which are very energy intensive. We assume that
these measures will primarily affect urban passenger transportation and result in
a shift to higher occupancy vehicles, including carpooling, vanpooling, public trans-
portation, and telecommuting. We consider that the level of reductions of vehicle
miles traveled that can be achieved by these measures relative to the base case are
8 percent by 2010 and 11 percent by 2020.

High Speed Rail

High speed rail offers an attractive alternative to intercity vehicle travel and
short distance air travel. In both energy cost and travel time, high-speed rail could
compete with air travel for trips of roughly 600 miles or less, which account for
about one-third of domestic air passenger miles traveled. Investments in rail facili-
ties for key intercity routes (such as the Northeast corridor between Washington
and Boston, the east coast of Florida between Miami and Tampa, and the route link-
ing Los Angeles and San Francisco) could provide an attractive alternative and re-
duce air travel in some of the busiest flight corridors (USDOT, 1997). High-speed
rail can achieve practical operating speeds of up to 200 mph. Prominent examples
include the French TGV, the Japanese Shinkansen and the German Intercity Ex-
press. An emerging advanced transport technology is the MAGLEV system in which
magnetic forces lift and guide a vehicle over a specially designed guideway. Both
Germany and Japan are active developers of this technology.

In this analysis we have taken the USDOT’s recent estimates of the potential
high speed rail ridership which, based on projected mode shifts from air and auto-
mobile travel in several major corridors of the United States, reaches about 2 billion
passenger miles by 2020 (USDOT, 1997). While this level of high speed rail rider-
ship provides relatively small energy and carbon benefits by 2020, it can be viewed
as the first phase of a longer-term transition to far greater ridership and more ad-
vanced, faster and efficient electric and MAGLEV systems in the ensuing decades.
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ANNEX B

METHODOLOGY: ECONOMIC IMPACTS ANALYSIS

The overall energy and economic analysis starts with a business-as-usual energy-
economic forecast based on the U.S. Department of Energy, Energy Information Ad-
ministration’s Annual Energy Outlook for 2001. This base case reflects a continu-
ation of existing energy consumption and technology trends and policies, and pre-
sumes no efforts are taken to reduce greenhouse gas emissions.

Employment impacts from the policy scenarios were computed as net incremental
impacts in specified future years. They are derived from the changes in expendi-
tures on energy:

. operating costs and fuel costs—brought about by investments in energy effi-
ciency and renewable technologies in each sector. The net impacts of these
changes on the nation’s economy were computed from the following: 1) the net
changes in employment; 2) the net changes in wage and salary compensation,
measured in millions of 1998 dollars; and 3) the net changes in Gross Domestic
Product (GDP), also measured in millions of 1998 dollars.

The analysis used data derived from IMPLAN (IMpact Analysis for PLANning),
a widely used input-output (I-O) model that analyzes interactions between different
sectors of the economy. IMPLAN was used to track the changes in each sector’s de-
mand and spending patterns, as caused by shifts in fuel consumption and energy
technology investments owing to the policies, and the shifts induced in other sectors’
levels of output (and the inputs required).

The results of these interactions are captured through appropriate sectoral multi-
pliers (jobs, income, and GDP per dollar of output). For each benchmark year (2010
and 2020), each change in a sector’s spending pattern is matched to an appropriate
sectoral multiplier. The analytical approach used here is similar to that in Geller,
DeCicco and Laitner (1992); Laitner, Bernow and DeCicco (1998); Goldberg et al.
(1998); and Bernow et al. (1999). These reports offer a more in-depth discussion of
methodological issues.

Input-output models were initially developed to trace supply linkages in the econ-
omy. Thus, the impacts generated from the policy scenario depend on the structure
of the economy. For example, I-O models can show how increasing purchases of
more efficient lighting equipment, more efficient cars, high efficiency motors, mod-
ular combined heat and power plants, or biomass energy not only directly benefit
their respective producers, but also benefit those industries that provide inputs to
the manufacturers. I-O models also can be used to show the benefits from indirect
economic activity that occur as a result of these transactions (e.g., banking and ac-
counting services) and the re-spending of energy bill savings throughout the econ-
omy. Therefore, spending patterns for energy have an effect on total employment,
income (i.e., wage and salary compensation), and GDP.

For each sector of the economy, multipliers were used to compute the impacts of
the incremental expenditures. These multipliers identified the employment or eco-
nomic activity generated from a given level of spending in each sector. Changes in
expenditures were matched with appropriate multipliers. For instance, employment
multipliers show the number of jobs that are directly and indirectly supported for
each one million dollars of expenditure in a specific sector.

For this analysis, a job is defined as sufficient wages to employ one person full-
time for 1 year. The employment multipliers for key sectors of the economy are list-
ed in table A.1, below.

The analysis in this study includes several modifications made to the methodology
of merely matching expenditures and multipliers. First, an assumption was made
that 85 percent of the efficiency investments would be spent within the United
States. While local contractors and dealers traditionally carry out upgrades of en-
ergy efficiency, this analysis recognizes that foreign suppliers and contractors may
also be involved.

Second, we made an adjustment in the employment impacts to account for future
changes in labor productivity in specific sectors. Utilizing data from the Bureau of
Labor Statistics Economic and Employment Projections 1988, 1998, and 2008, we
developed productivity trends for our analysis. These trends suggest that produc-
tivity rates are expected to vary widely among sectors. Annual productivity gains
are forecast to range from 0.4 percent annually in the construction sector (which
will experience a large influx of employment as those sectors become more impor-
tant to the economy) to 7.4 percent annual productivity gain in oil and gas mining.
These factors are given in table A.2, below.

Third, we assumed that 80 percent of the investment upgrades would be financed
by bank loans carrying an average 10 percent real interest rate over a 5-year period.
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No parameters were established to account for changes labor participation rates or
for changes in interest rates as less capital-intensive technologies (i.e., efficiency in-
vestments) are substituted for conventional supply strategies. Although the higher
cost premiums associated with the efficiency investments might be expected to in-
crease the level of borrowing in the short term, and therefore, interest rates, this
could be offset somewhat by avoided investments in new power plant capacity, ex-
ploratory well drilling, and new pipelines. Similarly, while a demand for labor may
tend to increase the overall level of wages (and potentially lessen economic activity),
the employment benefits from the scenario are relatively small compared with the
national level of unemployment.

Fourth, for the residential and commercial sectors, it was assumed that program
and marketing expenditures would be required to help promote market penetration
of efficiency improvements due to the dispersed nature of the decisionmakers and
the need for greater efforts toward market transformation. This was set at 15 per-
cent of the efficiency investments for those sectors. No program or marketing ex-
pense was included for the industrial sector or transportation sector. We assume
market penetration is naturally occurring in the industrial sector as decisionmakers
adopt cost-effective and more efficient processes and older, less efficient equipment
is replaced with newer, higher efficiency models. In the transportation sector effi-
ciency improvements are assumed to be a part of all new vehicle purchases.

Finally, the analysis took account of the fact that the electric sector carbon cap-
and-trade system would involve government auctioning of carbon allowances to elec-
tricity suppliers. This was modeled by (1) assuming purchases of the requisite allow-
ances by utilities from the government; (2) payments for the corresponding higher
costs of electricity by households and businesses; and (3) a return of the revenues
collected by the government to households and businesses.

These results should be taken as indicative, as there are always limits to such
a modeling exercise. The analyses do not account for feedback through final demand
reductions, input substitution owing to price changes, feedback from inflation, and
the constraints on labor and money supplies. They also assume that available labor,
plant and materials are not fully utilized. Thus, for example, they assume that there
is unemployment in those existing or potential skill areas, for which demand could
be induced by policies that shift expenditures to nonenergy commodities. This is con-
trary to many other economic models, which in effect assume that there is full em-
ployment, and that the shift in expenditures from energy to other commodities
would not create new jobs. Their view would be that the shift in expenditures would
provide largely counter-recessionary jobs, but not many sustained job increases. Yet,
it is well known that there is structural as well as business-cycle unemployment.
Moreover, economic activity in some sectors such as construction (which enjoys the
largest amount of induced jobs in our analysis) where job entry is impeded by cycli-
cal and unstable demand and expectations, could experience sustained increases if
a sustained path of increased final demands were established as they are in our pol-
icy scenarios.

In addition, while the models used for the energy analyses capture some policy-
induced technology innovation, this is limited primarily to the electric sector. The
I-O analysis also does not include the potential productivity benefits that could stem
from the investments in new and more efficient equipment, and associated changes
in organization, know-how and inter-industry interactions. Industrial investments
that improve energy efficiency could be accompanied by improved product quality,
lower capital and operating costs, increased employee productivity, easier and less
costly environmental compliance, and entry into niche markets (see, e. g., Elliott et
al. 1997; Laitner 1995; OTA 1994; Porter and Van Linde 1995). Even under full em-
ployment, energy policies that improve the efficiency of the economy could increase
incomes per worker. Finally, such job-inducing policies could help counteract reces-
sionary business cycles. It would be valuable to develop tools and refine the analyses
to account for some of these factors and obtain a more detailed characterization of
the results.

For the State-by-State employment impacts, we developed indicative estimates of
the distribution of the approximately 1.3 million net national jobs gained by 2020
across the 50 States and the District of Columbia. Absent a more detailed analysis
of each individual State or region, we allocated the national job impacts by
weighting the key variables to create an overall State-by-State assessment. This es-
timate reflects the significant energy and economic differences across the States.
The key variables used in this assessment were differences in energy prices; the
level of energy consumed for each dollar of economic activity in the State; the num-
ber of energy-related jobs as a percent of total State employment; and the number
of State jobs as a percent of national employment. The results are presented in table
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2, which shows a positive net job impact in each State, ranging up to a high of about
140,000 in California by 2020.

Table A.1
Employment Multipliers for Select Economic Sectors
Sector Multiplier
Agriculture 27.3
Coal Mining 9.9
0il/Gas Mining 8.2
Other Mining 10.4
Construction 18.1
Food Processing 16.9
Pulp and Paper Mills 11.6
0il Refining 6.9
Stone, Glass, and Clay 13.2
Primary Metals 12.8
Metal Durables 13.1
Motor Vehicles 10.6
Other Manufacturing 133
Transportation, Communication, and Utilities 13.9
Electric Utilities 5.2
Natural Gas Utilities 6.6
Wholesale Trade 134
Retail Trade 29.2
Finance 10.7
Insurance/Real Estate 8.1
Services 22.9
Education 28.9
Government 18.0
Table A.2
Labor Productivity Rates for Select Economic Sectors Employment Multipliers for Select Economic Sectors
Sector Rate
Agriculture 1.6 percent
Coal Mining 5.2 percent
0il/Gas Mining 7.4 percent
Other Mining 2.4 percent
Construction 0.4 percent
Food Processing 1.0 percent
Pulp and Paper Mills 3.0 percent
Qil Refining 3.3 percent
Stone, Glass, and Clay 2.2 percent
Primary Metals 4.0 percent
Metal Durables 4.7 percent
Motor Vehicles 2.0 percent
Other Manufacturing 4.7 percent
Transportation, Communication, and Other Utilities 2.5 percent
Electric Utilities 2.5 percent
Natural Gas Utilities 1.5 percent
Wholesale Trade 3.0 percent
Retail Trade 1.4 percent
Finance 3.7 percent
Insurance/Real Estate 0.8 percent
Services 1.1 percent
Education 1.0 percent
Government 0.4 percent
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1. Executive Summary

This report presents a study of policies and measures that could dramatically re-
duce U.S. greenhouse gas emissions over the next two decades. It examines a broad
set of national policies to increase energy efficiency, accelerate the adoption of re-
newable energy technologies, and shift energy use to less carbon-intensive fuels. The
policies address major areas of energy use in residential and commercial buildings,
industrial facilities, transportation, and power generation.

This portfolio of policies and measures would allow the United States to meet its
obligations under the Kyoto Protocol Together when combined with steps to reduce
the emissions of non-CO, greenhouse gases and land-based CO, emissions, and the
acquisition of a limited amount of allowances internationally. This package would
bring overall economic benefits to the United States, since lower fuel and electricity
bills would more than pay the costs of technology innovation and program imple-
mentation. In 2010, the annual savings would exceed costs by $50 billion, and by
2020 by approximately $135 billion.

Currently, the Bush Administration is promoting an energy strategy based on
augmenting fossil fuel supplies. This strategy does not help the United States shift
away from diminishing fossil fuel supplies, it does not enhance U.S. energy security,
and it does not reduce the environmental impacts of energy use. America needs an
energy policy that takes us forward into the 21st Century by making climate change
mitigation an integrated part of the plan.

Far from being the economically crippling burden that the Bush Administration
alleges, ratifying the Kyoto Protocol and ambitiously reducing greenhouse gas emis-
sions could initiate a national technological and economic renaissance for cleaner en-
ergy, industrial processes and products in the coming decades. In the United States,
we therefore face an important challenge. We can embrace the challenge of climate
change as an opportunity to usher in this renaissance, providing world markets with
the advanced technologies needed to sustain this century’s economic growth. Or we
can be followers, leaving other more forward-looking countries to assume the global



25

leadership in charting a sustainable path and capturing the energy markets of the
future.

Policies and measures

The climate protection strategy adopts policies and measures that are broadly tar-
geted across the four main economic sectors: buildings, electricity generation, trans-
portation, and industry. The policies considered for residential and commercial
buildings include strengthened codes for building energy consumption, new appli-
ance efficiency standards, tax incentives and a national public benefits fund to sup-
port investments in high efficiency products, and expanded research and develop-
ment into energy efficient technologies. For the electric sector, policies included a
market-oriented “renewable portfolio standard”, a cap on pollutant emissions (for
sulfur and nitrogen), and a carbon emissions permit auction. In the transport sector,
policies are adopted to improve the fuel economy of passenger vehicles, freight
trucks, and aircraft through research, incentives, and a strengthened vehicle fuel ef-
ficiency standards. Policies are also modeled to set a fuel-cycle greenhouse gas
standard for motor fuels, reduce road travel through land use and infrastructure in-
vestments and pricing reforms, and increase access to high speed rail as an alter-
native to short distance air travel. In the industry sector, policies are adopted to
exploit more of the vast potential for cogeneration of heat and power, and to im-
prove energy efficiencies at industrial facilities through technical assistance, finan-
cial incentives, expanded research, and demonstration programs to encourage cost-
effective emissions reductions.

Results

Energy use in buildings, industries, transportation, and electricity generation was
modeled for this study using the U.S. Department of Energy’s National Energy Mod-
eling System (NEMS). The NEMS model version, data and assumptions employed
in this study were those of EIA’s Annual Energy Outlook (EIA 2001), which also
formed the basis for the Base Case. We refined the NEMS model with advice from
EIA, based on their ongoing model improvements, and drawing on expert advice
from colleagues at the Union of Concerned Scientists, the National Laboratories and
elsewhere.

Table ES. 1 Summary of results.

19901 2010 Base 2010 Climate 2020 Base 2020 Climate
Case Protection Case Protection
End-use Energy (Quads) .. 63.9 86.0 76.4 97.2 726
Primary Energy (Quads) ... 84.6 114.1 101.2 127.0 89.4
Renewable Energy (Quads)
NON-HYDRO ....veoreeereeeereeeerereeeeeeens 35 5.0 104 5.5 11.0
Hydro 3.0 3.1 3.1 3.1 31
Net GHG Emissions (MtCe/yr) ... 1,648 2,204 1,533 — —_—
Energy Carbon 1,338 1,808 1,372 2,042 1,087
Land-based Carbon — — —58 — _—
Non-CO, Gases ....... 310 397 279 — —_—
International Trade .. — — —60 — _—
Net Savings?
Cumulative present value (billion $) .. — — $105 — $576
Levelized annual (billion $/year) ....... — — $113 — $49
Levelized annual per household ($/
year) — — $113 — $375

LUnder Kyoto, the base year for three of the non-CO> GHGs (HFCs, PFCs, SF6) is 1995, not 1990, and the 1995 levels for these emissions
are reported here.

2Savings are in 1999 $. The 2010 savings include $2.3 billion costs per year (§9 billion cumulative through 2010) of non-energy related
measures needed to meet the Kyoto target. Costs are not included in 2020 since these measures policies do not extend past 2010.

Table ES. 1 provides summary results on overall energy and greenhouse gas im-
pacts and economic impacts of the policy set for the Base Case and Climate Protec-
tion Case for 2010 and 2020. The policies cause reductions below in primary energy
consumption that reach 11 percent by 2010 and 30 percent in 2020, relative to the
Base Case in those years, through increased efficiency and greater adoption of co-
generation of heat and power (CHP). Relative to today’s levels, use of non-hydro re-
newable energy roughly triples by 2010 in the Climate Protection Case, whereas in
the Base Case it increases by less than 50 percent. Given the entire set of policies,
non-hydro renewable energy doubles relative to the Base Case in 2010, accounting
for about 10 percent of total primary energy supplies in 2010. When the electric sec-
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tor RPS is combined with the strong energy efficiency policies of this study, the ab-
solute amount of renewables does not increase substantially between 2010 and 2020
because the percentage targets in the electric sector have already been met. A more
aggressive renewables policy for the 2010-2020 period could be considered (ACEEE,
1999).

Figure ES.1. Reductions in energy-related carbon
emisslons, displayed by major pollcy group
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The reductions in energy-related carbon emissions are even more dramatic than
the reductions in energy consumption, because of the shift toward lower-carbon fuels
and renewable energy. Since 1990, carbon emissions have risen by over 15 percent,
and in the Base Case would continue to rise a total of 35 percent by 2010, in stark
contrast to the 7 percent emissions reduction that the United States negotiated at
Kyoto. In the Climate Protection case, the United States promptly begins to reduce
energy-related carbon emissions, and by 2010 emissions are only 2.5 percent above
1990 levels, and by 2020, emissions are well below 1990 levels. Relative to the Base
case, the 2010 reductions 3 amount to 436 MtC/yr.

Energy-related carbon emissions are the predominant source of U.S. greenhouse
gas emissions for the foreseeable future, and their reduction is the central challenge
for protecting the climate. However, because the United States has made only mini-
mal efforts to reduce emissions since it ratified the United Nations Framework Con-
vention on Climate Change, it may not be able to meet it’s Kyoto obligation with
net economic benefits based solely on reductions in energy-related carbon dioxide
emissions. Therefore, in order to meet the Kyoto target, the Climate Protection case
also considers policies and measures for reducing greenhouse gases other than en-
ergy-related carbon dioxide.

In the Climate Protection case, land-based activities, such as forestry, changes in
land-use, and agriculture, yield another 58 MtC/yr of reductions. (This figure cor-
responds to the upper limit for the use of land-based activities in the current negoti-
ating text proposed by the current President of the U.N. climate talks Jan Pronk.)
Methane emissions are also reduced, through measures aimed at landfills, natural
gas production and distribution systems, mines, and livestock husbandry. The po-
tent fluorine-containing greenhouse gases can be reduced by substituting with non-
greenhouse substitutes, implementing alternative cleaning processes in the semicon-

3Throughout this report we refer to U.S. emissions target for the year 2010 to mean the aver-
age of the 5 year period from 2008 to 2012.
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ductor industry, reducing leaks, and investing in more efficient gas-using equip-
ment. In total, the Climate Protection case adopts reductions of these other green-
house gases equivalent to 118 MtC/yr by 2010.

All together the reduction measures for energy-related carbon (436 MtC/yr), land-
based carbon (58 MtC/yr), and non-carbon gases (118 MtCe/yr) amount to 612 MtCe/
yr of reductions in 2010. Through these measures, the United States is able to ac-
complish the vast majority of its emissions reduction obligation under the Kyoto
Protocol through domestic actions. This leaves the United States slightly shy of its
Kyoto target, with only 60 MtC/yr worth of emissions allowances to procure from
other countries though the “flexibility mechanisms” of the Kyoto Protocol—(Emis-
sions Trading, Joint Implementation, and the Clean Development Mechanism). The
Climate Protection case assumes that the United States will take steps to ensure
that allowances procured through these flexibility mechanisms reflect legitimate
mitigation activity. In particular, we assume that United States restrains its use of
so-called “hot air” allowances, i.e, allowances sold by countries that received Kyoto
Protocol targets well above their current emissions.

In addition to greenhouse gas emission reductions, the set of policies in the Cli-
mate Protection case also reduce criteria air pollutants that harm human health,
cause acid rain and smog, and adversely affect agriculture, forests, water resources,
and buildings. Implementing the policies would significantly reduce energy-related
emissions as summarized in Table ES. 2. Sulfur oxide emissions would decrease the
most—Dby half in 2010 and by nearly 75 percent in 2020. The other pollutants are
reduced between 7 and 16 percent by 2010, and between 17 and 29 percent by 2020,
relative to Base case levels in those years.

Table ES. 2: Impact of policies on air pollutant emissions

1900 2010 Base 2010 Climate 2020 Base 2020 Climate

Case Protection Case Protection
co 65.1 69.8 63.8 718 59.8
NOx 219 16.5 13.9 16.9 12.0
S0 19.3 12.8 6.2 12.7 33
VoC 1.7 5.5 5.1 5.9 49
PM1o 1.7 1.5 13 1.6 13

The complete Climate Protection package—including measures to reduce energy-
related, land-related, and non-carbon greenhouse gas emissions, as well as modest
purchases of allowances—provides a net economic benefit to the United States. It
also positively affects public health, by reducing emissions of the key air quality-
reducing pollutants, including sulfur dioxide, nitrogen oxides, carbon monoxide, par-
ticulates, and volatile organic compounds. By dramatically reducing energy con-
sumption, the Climate Protection strategy reduces our dependence on insecure en-
ergy supplies, while enhancing the standing of the United States as a supplier of
innovative and environmentally superior technologies and practices.

2. Introduction

The earth’s atmosphere now contains more carbon dioxide than at anytime over
the past several hundred millennia. This precipitous rise in the major greenhouse
gas, due to the combustion of fossil fuels since the dawn of the industrial age and
the clearing of forests, has warmed the globe and produced climatic changes. What
further changes will occur over the coming decades depends on how society chooses
to respond to the threat of a dangerously disrupted climate. A concerted global effort
to shift to energy-efficient technologies, carbon-free sources of energy and sustain-
able land-use practices, could keep future climate change to relatively modest levels.
If, on the other hand, nations continue to grow and consume without limiting GHG
emissions, future climate change could be catastrophic.

Dramatic climate change could unleash a range of dangerous physical, ecological,
economic and social disruptions that would seriously undermine the natural envi-
ronment and human societies for generations to come. Fortunately, a variety of ef-
fective policies, which have already been demonstrated, would mobilize current and
new technologies, practices and resources to meet the challenge of climate protec-
tion. Strong and sustained action to reduce the risk of climate change could also
reap additional benefits, such as reducing other air pollutants and saving money,
plus help to usher in a new technological and institutional renaissance consistent
with the goals of sustainable development. Here we focus on the U.S., which emits
almost one-fourth of global carbon dioxide emissions. As a Nation, we have both the
responsibility and the capability to take the lead in climate protection, and can di-



28

rectly benefit from actions taken. Recently, however, the Bush Administration has
gravely disappointed the international community, proposing an energy strategy
that is devoid of significant steps to protect the climate.

This report presents a study of policies and measures through which the United
States could dramatically reduce its greenhouse gas emissions over the next two
decades, while spurring technological innovation, reducing pollution, and improving
energy security. The study is the latest in a series to which Tellus Institute has con-
tributed, dating back to 1990, which have shown the economic and environmental
benefits of energy efficiency and renewable energy resources. It updates and refines
America’s Global Warming Solutions (1999), which found that annual carbon emis-
sions could be reduced to 14 percent below 1990 levels by 2010, with net economic
benefits and reductions in air pollution.

Unfortunately, since that study, and indeed over the past decade since the Frame-
work Convention on Climate Change was ratified by the U.S., the promise of these
technologies and resources has gone largely unfulfilled, and little has been done to
stem the tide of rapidly growing energy use and carbon emissions. This delay and
paucity of action has rendered even more difficult the goal of reaching our Kyoto
Protocol emissions target of 7 percent below 1990 levels by 2010. Nonetheless, the
present study shows the substantial carbon reduction and other benefits that could
still be achieved by 2010 with sensible policies and measures, even with this delayed
start, and even greater benefits over the following decade. The policy and techno-
logical momentum established through 2020 would set the stage for the further re-
ductions needed over the longer term to ensure climate stabilization.

The Risk of Climate Change

The world’s community of climate scientists has reached the consensus that
human activities are disrupting the Earth’s climate (WGI, SPM, 2001; NAS, 2001;
Int’l Academies of Science, 2001). Global emissions of CO» have steadily risen since
the dawn of the industrial age, and now amount to about 6 billion tons of carbon
released annually from fossil fuel combustion and 1 billion tons annually from land-
use changes (mainly burning and decomposition of forest biomass). Without con-
certed efforts to curb emissions, atmospheric carbon dioxide levels would be driven
inexorably higher by a growing global population pursuing a conventional approach
to economic development.

While it is impossible to predict with precision how much carbon dioxide we will
be emitting in the future, in a business-as-usual scenario annual emissions would
roughly triple by the end of the century. By that time, the atmospheric concentra-
tion of carbon dioxide would have risen to three times pre-industrial levels (IPCC
WGI, 2001). The climatic impacts of these rising emissions could be dramatic.
Across a range of different plausible emissions futures explored by the IPCC, global
average temperatures are calculated to rise between 3 to 10 degrees Fahrenheit (1.5
to 6 degrees Centigrade), with even greater increases in some regions (IPCC 2001).
Such temperature changes would reflect a profound transformation of the Earth’s
climate system, of the natural systems that depend upon it and, potentially, of the
human societies that caused the changes.

The potential consequences of such climate change are myriad and far-reaching.
Sea level could rise between 3.5 to 35 inches (9—88 centimeters) (IPCC WGI, 2001),
with severe implications for coastal and island ecosystems and their human commu-
nities. Hundreds of millions of people in the United States and abroad live in coastal
regions that would be inundated by a 17 inch (44 c¢m) rise in sea level. Most of these
regions are in developing countries that can scarcely afford to expend resources on
building dikes and resettling communities. Climate disruption would also entail
more frequent, prolonged, and intense extreme weather events, including storms
and droughts, the timing, conditions and character of which would remain unpre-
dictable.

Under the stresses courted by continuing current energy practices, climate and ec-
ological systems could undergo very large and irreversible changes, such as a shift
in the major ocean currents. Global warming itself could increase the rate of green-
house gas accumulation, uncontrollably accelerating global warming and its im-
pacts. For example, a thawing of the arctic tundra could release methane at rates
far beyond today’s anthropogenic rates, and a warming of the oceans could shift
them from a net sink to a net source of carbon dioxide.

Moreover, large and irreversible changes could occur very rapidly. Recent sci-
entific evidence from pre-historic ice cores shows that major climate changes have
occurred on the time scale of about a decade (Schneider 1998; Severinghaus et al.
1998). Rapid change could cause additional ecological and social disruptions, lim-
iting our ability to adapt. This could render belated attempts to mitigate climate
change more hurried, more costly, less effective, or too late. Consequently, early and
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sustained action, across many fronts, is needed to effect the technological, institu-
tional and economic transitions to protect global climate and the ecological and so-
cial systems that depend on climate stability.

Protecting the Climate

The carbon dioxide already released by human activities will linger in the atmos-
phere for a hundred years or so. This carbon has already changed the climate, and
will continue to do so as long as it remains in the atmosphere. But the degree of
climate change to which we’re already committed pales in comparison to the disrup-
tion that humankind would wreak if it continues to recklessly emit more carbon.

An aggressive strategy to curb emissions might limit warming to less than 2 de-
grees F over the next century (on top of the 1.0 degrees C that has already occurred
over the past century). A temperature increase of about 0.2 degrees F per decade
would still exceed natural variability, but would occur gradually enough to allow
many, though not all, ecosystems to adapt (Rijsberman and Swart, 1990). To be
sure, this goal would not entirely eliminate the risks of disruptive climate change.
Warming in some areas would significantly exceed 2 degrees F, the rising sea level
would inundate some coastal areas, and changing rainfall patterns could make some
regions more prone to drought or floods. A more ambitious stabilization target might
well be warranted, but we suggest this goal as an illustration of what might be an
environmentally acceptable and practically achievable climate protection trajectory.

To achieve this goal, CO, concentrations would have to be stabilized at approxi-
mately 450 ppm, which is about 60 percent above pre-industrial concentrations. This
would require keeping total global carbon emissions within a budget of 500 billion
tons of carbon over the course of the 21st century, whereas a business-as-usual tra-
jectory would have us emitting about 1,400 billion tons. Annual global carbon emis-
sions from fossil fuels would have to be at least halved by the end of the century,
from today’s 6 billion tons/yr to less than 3 billion tons/yr, and deforestation would
need to be halted, in contrast to a business-as-usual trajectory which grows to 20
billion tons/yr. With a growing global population, this implies a decrease in the an-
nual per capita emissions from today’s 1 ton to about 0.25 tons, whereas the busi-
ness-as-usual per capita emissions grow to almost 2 tons. Figure 2.1, which shows
these two radically different emissions trajectories, conveys the ambitiousness of
this target.
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Figure 2.1: Global carbon emissions from lossil
fuel combustion (1890-2100) — Business-as-usual
trajectory (IPCC [1592a scenario) and trajectory
for climate stabilization at 450 ppm
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Figure 2.1: Global carbon emissions from fossil fuel combustion (1890-2100)—Busi-
ness-as-usual trajectory (IPCC 1S92a scenario) and trajectory for climate stabiliza-
tion at 450 ppm

The industrialized countries are responsible for about two-thirds of global annual
carbon, at more than 3 tons per-capita, with the United States at 5.5 tons per cap-
ita, while on average developing countries emit only 0.5 tons per capita. Even if
emissions in the developing countries were to vanish instantly, implying a night-
marish devolution of their economies, the industrialized world would still need to
almost halve its emissions in order to protect the climate.
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Figure 2.2: Carbon emissions for stabilization of GHG
concentrations at 450 ppm, broken osut by developing
and industrialized countries
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Figure 2.2: Carbon emissions for stabilization of GHG concentrations at 450 ppm,
broken out by developing and industrialized countries

Figure 2.2 shows the global carbon trajectory for stabilization at 450 ppm, as
shown in Figure 2.1, broken out into emission paths for both the industrialized and
developing countries. In this illustrative allocation, emissions converge to equal per
capita emissions (?0.25 tC per capita) by the end of the 21st century. Clearly, it is
essential that the industrialized countries begin early and continue steadily to de-
crease their emissions on a trajectory to meet these climate protection requirements.
Industrialized countries on the whole would have to roughly reduce their per capita
emissions ten-fold, and the United States in particular would have to reduce by
more than a factor of twenty.

Emissions from the developing countries could grow in the near term, as they un-
dergo economic development and transition toward advanced, efficient and low-car-
bon technologies, and then decline rapidly during the latter half of the century. Ulti-
mately, the developing countries would need to halve their per capita emissions rel-
ative to today’s levels, notwithstanding the considerable economic growth that they
are expected to realize over this century. This would involve economic development
predicated upon use of energy technologies and energy resources that would entail
a “leap-frogging” over the fossil-based economic development that has occurred in
the industrialized countries directly to cleaner energy sources. Such a transition
would require concerted technology and institutional cooperation, with associated fi-
nancial assistance, among developing and industrialized countries.

Stabilization and equalization would thus be served by a dual technological tran-
sition in which the industrialized countries can take the lead, by demonstrating
their commitment to addressing a problem for which it bears primary responsibility,
and fostering the first wave of technological innovation from which both developing
and industrialized countries could benefit.

The Kyoto Protocol

Although only a first small step, the Kyoto Protocol offers a pivotal opportunity
to shift away from the climate-disrupting path down which the world is now headed,
and onto a climate-protecting path. It is well understood that the Kyoto Protocol is
the basis for future emissions reductions as well. If it enters into force, the Kyoto
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Protocol will legally bind industrialized countries that ratify it to specific GHG re-
duction targets, to be attained during the during the 5 year “budget period” from
2008 to 2012. For the United States, the target is 7 percent less than the 1990 emis-
sion levels. The limit is 6 percent for Japan, 0 percent for Russia, and an average
of 8 percent for the European Union countries. Across all industrialized countries,
the emissions budget is 5 percent below 1990 emissions rate, whereas the business-
as-usual emissions rate is projected to increase by approximately 20 percent by
2010.

The Kyoto Protocol offers a number of options to lower the cost of meeting their
targets. Many of these so-called “flexibility mechanisms” were included at the re-
quest of the United States in Kyoto. They allow countries to carry out projects that
reduce carbon emissions (or enhance carbon absorption) from biological stocks such
as forests and possibly agricultural land, or can reduce emissions of GHGs other
than carbon. 4 Countries can also undertake GHG mitigation projects in other coun-
tries® and acquire credits for the resulting reductions, or can simply purchase ex-
cess carbon allowances from countries that surpass their targets. ¢

However, these flexibility mechanisms should be implemented with caution, lest
they undermine effectiveness of the Kyoto Protocol. Given its modest reduction tar-
gets relative to the much deeper reductions ultimately needed for climate protection,
the main purpose of the Protocol is to reduce greenhouse gas emissions by launching
a global transition in technologies and infrastructure for energy production and use.
The first budget period should end with a decisive shift away from conventional en-
ergy investments, real progress in institutional learning and technological innova-
tion, and momentum to deepen and expand these changes over the longer term. An
over-reliance on the flexibility mechanisms may permit too slow a start, and too
weak a signal, to motivate this fundamental transition.

Excessive use of the flexibility mechanisms could undermine the needed transition
in several ways. First, the emissions trading system is in danger of being severely
diluted by cheap carbon allowances from the Russian Federation and Ukraine,
whose negotiated targets are far above the emission levels they will reach by 2010
even without reduction efforts. Second, inadequate rules for credits from project-
based mechanisms could generate “free-rider” credits that reflect inflated estimates
of their mitigation value, thereby undermining the Protocol’s targets. Third, mitiga-
tion activities that rely on biological sequestration strain our current technical abil-
ity to reliably measure carbon changes, are based on uncertain science, and take
pressure off of fossil fuel reduction. Perhaps more importantly, institutions are not
yet in place to ensure that such projects do not harm biodiversity and human com-
munities.

The attraction and rhetoric of solutions that lie outside the borders of the indus-
trialized countries is misguided at this time. To be sure, there are important oppor-
tunities to help developing countries advance along a sustainable, low carbon path.
But unfettered use overseas options, justified by lower short-term costs for the in-
dustrialized countries, would be a head-in-the-sand approach to the long-term re-
sponsibility of climate protection. The quantity of such offsets should be limited and
their quality guaranteed. Procedures should be established to help ensure that the
various flexibility mechanisms help protect the climate and advance sustainable de-
velopment. These include consistency with local ecological, cultural, economic condi-
tions and constraints, guaranteed public participation in project design, certification
and review, strong ecological and social criteria, human and institutional capacity-
building goals, strong and equitable relationships for technology cooperation, and ac-
ceptable procedures for monitoring, verification and accreditation of offset actions
and transactions. Until then it is premature to rely on the CDM for more than a
very small part of the required emissions reductions.

If the United States relies too heavily on the flexibility mechanisms, it could fore-
go opportunities to reap the co-benefits of decreasing carbon emissions at home.
These include the reduced health and ecological damages resulting from decreased
emissions of mercury, fine particulates and other pollutants, and the improvements
in technologies, skills and productivity accompanying deployment and use of more
advanced technologies and practices. It could also find itself in a poorer position to
meet the stricter emissions reduction commitments expected for subsequent budget

4The GHGs that are covered by the Kyoto Protocol include carbon dioxide (CO»), methane
(CH4), nitrous oxide (N20), hydrofluorocarbons (HFCs), perflourocarbons (PFCs), and sulfur
hexaflouride (SF6).

5”Joint Implementation” (JI) is the relevant mechanism if the host country is an industri-
alized country with a target, and “Clean Development Mechanism” (CDM) if the host country
is a developing country.

6Purchase of allowances is known as “Emissions Trading”.
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periods. The Nation could become a follower rather than a leader in advanced tech-
nologies in domestic and world markets. Thus, it could miss the opportunity pro-
vided by the Kyoto Protocol for a national technological and economic “renaissance”
with cleaner energy, processes and products in the coming decades.

3. Policies

This study examines a broad set of national policies that would increase energy
efficiency, accelerate the adoption of renewable energy technologies, and shift to less
carbon-intensive fossil fuels. This policy package contrasts sharply with the Bush
Administration’s energy strategy, which heavily focuses on fossil fuels and lacks any
significant effort to protect the climate. The policies address major areas of energy
use in the buildings, industrial, transport, and electrical sectors. Analyses of the in-
vestment costs and energy savings of policies to promote energy efficiency and co-
generation in the residential, commercial, and industrial sectors were taken pri-
marily from the American Council for an Energy Efficient Economy (1999; 2001).

Below we group these policies into the particular sector where they take effect,
and describe the key assumptions made concerning the technological impacts of the
individual policies. Unless otherwise indicated, each of the policies is assumed to
start in 2003.

As explained further in the methodology discussion in the next section, we adapt-
ed the Energy Information Administration’s 2001 Reference Case Forecast (EIA
2001) to create a slightly revised “base case.” Our policies and assumptions build
on those included in this base case forecast (i.e., we avoid taking credit for emissions
reductions, costs, or savings already included in the EIA 2001 Reference Case).
When taken together, the policies described in this section represent a Climate Pro-
tefition Scenario that the United States could pursue to achieve significant carbon
reductions.

3.1. Policies in the Buildings and Industrial Sectors

Carbon emissions from fuel combustion in the buildings (including both residen-
tial and commercial) sector account for about 10 percent of U.S. greenhouse gas
emissions, while emissions from the industrial sector account for another 20 percent.
When emissions associated with the electricity consumed are counted, these levels
reaches over 35 percent for buildings and 30 percent for industry. We analyzed a
set of policies that include new building codes, new appliance standards, tax incen-
tives for the purchase of high efficiency products, a national public benefits fund,
expanded research and development, voluntary agreements and support for com-
bined heat and power.

Building codes

Building energy codes require all new residential and commercial buildings to be
built to a minimum level of energy efficiency that is cost-effective and technically
feasible. “Good practice” residential energy codes, defined as the 1992 (or a more
recent) version of the Model Energy Code (now known as the International Energy
Conservation Code), have been adopted by 32 States (BCAP 1999). “Good practice”
commercial energy codes, defined as the ASHRAE 90.1 model standard, have been
adopted by 29 States (BCAP 1999). However, the Energy Policy Act of 1992 (EPAct)
requires all States to adopt a commercial building code that meets or exceeds
ASHRAE 90.1, and requires all States to consider upgrading their residential code
to meet or exceed the 1992 Model Energy Code.

This policy assumes that DOE enforces the commercial building code requirement
in EPAct and that States comply. We also assume that relevant States upgrade
their residential energy code to either the 1995 or 1998 Model Energy Code either
voluntarily or through the adoption of a new Federal requirement. Furthermore, we
assume that the model energy codes are significantly improved during the next dec-
ade and that all States adopt mandatory codes that go beyond current “good prac-
tice” by 2010. To quantify the impact of these changes, we assume a 20 percent en-
ergy savings in heating and cooling in buildings in half of new homes and commer-
cial buildings.

New Appliance and Equipment Efficiency Standards

The track record for electricity efficiency standards is impressive, starting with
the National Appliance Energy Conservation Act of 1987 and continuing through
the various updates that were enacted in early 2001 for washers, water heaters, and
central air conditioners. These standards have removed the most inefficient models
from the market, while still leaving consumers with a diversity of products. An anal-
ysis of Department of Energy figures by the American Council for an Energy Effi-
cient Economy, estimates nearly 8 percent of annual electricity consumption will be
saved in 2020 due to standards already enacted (Geller et al. 2001). However, many
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appliance efficiency standards haven’t kept pace with either legal updating require-
ments or technological advances. The Department of Energy is many years behind
its legal obligation to regularly upgrade standards for certain appliances to the
“maximum level of energy efficiency that is technically feasible and economically
justified.”

In this study, we assume that the government upgrades existing standards or in-
troduces new standards for several key appliances and equipment types: distribu-
tion transformers, commercial air conditioning systems, residential heating systems,
commercial refrigerators, exit signs, traffic lights, torchiere lighting fixtures, ice
makers, and standby power consumption for consumer electronics. We also assume
the higher energy efficiency standards for residential central air conditioning and
heat pumps than was allowed by the Bush Administration. These are all measures
that can be taken in the near term, based on technologies that are available and
costeffective.

Tax incentives

A wide range of advanced energy-efficient products have been proven and com-
mercialized, but have not yet become firmly established in the marketplace. A major
reason for this is that conventional technologies get “locked-in”; they benefit from
economies of scale, consumer awareness and familiarity, and already existing infra-
structure that make them more able to attract consumers, while alternatives are
overlooked though they could be financially viable once mass-produced and widely
demonstrated. Initial, temporary tax incentives can help usher advanced alter-
natives into the market place, which—once established—can proceed to gain signifi-
cant market share without further subsidy.

In this study, we consider initial tax incentives for a number of products. For con-
sumer appliances, we considered a tax incentive of $50 to $100 per unit. For new
homes that are at least 30 percent more efficient that the Model Energy Code, we
considered an incentive of up to $2,000 per home; for commercial buildings with at
least 50 percent reduction in heating and cooling costs relative to applicable build-
ing codes, we applied an incentive equal to $2.25 per square foot. Regarding build-
ing equipment such as efficient furnaces, fuel cell power systems, gas-fired heat
pumps, and electric heat pump water heaters, we considered a 20 percent invest-
ment tax credit. Each of these incentives would be introduced with a sunset clause,
terminating them or phasing them out in approximately 5 years, so as to avoid their
becoming permanent subsidies. Versions of all of the tax incentives considered here
have already been introduced into bills before the Senate and/or House.?

National Public Benefits Fund

Electric utilities have historically funded programs to encourage more efficient en-
ergy-using equipment, assist low-income families with home weatherization, com-
mercialize renewables, and undertake research and development (R&D). Such pro-
grams have typically achieved electricity bill savings for households and businesses
that are roughly twice the program costs (Nadel and Kushler, 2000). Despite the
proven effectiveness of such technologies and programs, increasing price competition
and restructuring have caused utilities to reduce these “public benefit” expenditures
over the past several years. In order to preserve such programs, 15 States have in-
stituted public benefits funds that are financed by a small surcharge on all power
delivered to consumers.

This study’s policy package includes a national level public benefits fund (PBF)
fashioned after the proposal introduced by Sen. Jeffords (S. 1369) and Rep. Pallone
(H. 2569) in the the 106th Congress. The PBF would levy a surcharge of 0.2 cents
per kilowatt-hour on all electricity sold, costing the typical residential consumer
about $1 per month. This Federal fund would provide matching funds for States for
approved public benefits expenditures. In this study, the PBF is allocated to several
different programs directed at improvements in lighting, air conditioning, motors,
and other cost-effective energy efficiency improvements in electricity-using equip-
ment.

Expand Federal funding for Research and Development in Energy Efficient Tech-
nologies
Federal R&D funding for energy efficiency has been a spectacularly cost-effective
investment. The DOE has estimated that the energy savings from 20 of its energy
efficiency R&D programs has been roughly $30 billion so far—more than three times
the Federal appropriation for the entire energy efficiency and renewables R&D

"The bills include those introduced by Senators Murkowski and Lott (S. 389); Bingaman and
Daschle (S. 596), Smith (S. 207), Hatch (S. 760), and Representative Nussle (H.R. 1316).



35

budget throughout the 1990’s (EERE, 2000). At a time when energy issues are in
the forefront of the national debates, such R&D efforts should be increased and
should be thought of as a remedy for the real energy crises engendered by continued
fossil fuel dependence—climate change, environmental damage, and diminishing fos-
sil fuel supplies.

Tremendous opportunities exist for further progress in material-processing tech-
nologies, manufacturing processing, electric motors, windows, building shells, light-
ing, heating/cooling systems, and super-insulation, for example. The EPA’s Energy
Star programs have also saved large amounts of energy, building on the achieve-
ments of R&D efforts and ushering efficient products into the marketplace. By certi-
fying and labeling efficient lighting, office equipment, homes and offices, Energy
Star has helped foster a market transformation toward much more efficient prod-
ucts and buildings. Currently, roughly 80 percent of personal computers, 95 percent
of monitors, 99 percent of printers, and 65 percent of copiers sold are Energy Star
certified (EPA, 2001; Brown et al, 2001). In light of these successes, EPA should be
allocated the funds to broaden the scope of its Energy Star program, expanding to
other products (refrigerators, motors) and building sectors (hotels, retailers), and the
vast market of existing buildings that could be retrofitted. In this study, we assume
that increased funding to expand research and development efforts in industry (e.g.,
motors) buildings (e.g., advanced heating/cooling), and transport (e.g., more fuel effi-
cient cars and trucks) will lead to more energy-savings products becoming commer-
cially available.

Industrial Energy Efficiency through Intensity Targets

There is remarkable quantity of untapped, cost-effective energy efficiency poten-
tial in today’s industrial facilities (Elliott 1994), and some corporate managers have
shown impressive initiative in moving to realize that potential. In 1995, Johnson
and Johnson set a goal of reducing its energy costs 10 percent by 2000 through
adoption of “best practices” in its 96 U.S. facilities. Building on this work, in 2000
Johnson & Johnson pledged to reduce global warming gases by 7 percent below 1990
levels by the year 2010, with an interim goal of 4 percent below 1990 levels by 2005.

In 1998, British Petroleum announced it would voluntarily reduce its carbon emis-
sions to 10 percent below 1990 levels by 2010, representing almost a 40 percent re-
duction from projected emissions levels in 2010 given “business-as-usual” emissions
growth (Romm 1999). And in September 1999, DuPont announced it would reduce
its GHG emissions worldwide by 65 percent relative to 1990 levels, while holding
total energy flat and increasing renewable energy resources to 10 percent of total
energy inputs, by 2010. DuPont appears to be on track for achieving earlier commit-
ments to reduce energy intensity 15 percent and total GHG emissions 50 percent,
relative to 1990 levels, by 2000 (Romm 1999). Companies as diverse as Alcoa,
Kodak, Polaroid, IBM and Royal Dutch Shell also find it cost-effective to establish
worldwide greenhouse gas reduction targets. The practices these companies are de-
veloping make them better prepared for an economy that places a value on carbon
reductions.

There is substantial potential for cost-effective efficiency improvement in both en-
ergy-intensive and non-energy intensive industries (Elliott 1994). For example, an
in-depth analysis of 49 specific energy efficiency technologies for the iron and steel
industry found a total cost-effective energy savings potential of 18 percent (Worrell,
Martin, and Price 1999).

We consider in this study Federal initiatives to motivate and assist industry to
identify and exploit energy efficiency opportunities. Government agencies can sup-
port industry by providing technical and financial assistance, and by expanding Fed-
eral R&D and demonstration programs.

In addition to these carrots, government may need to brandish a stick in order
to induce a large fraction of industries to make serious energy efficiency commit-
ments. If industry does not respond to the Federal initiatives at a level sufficient
to meet certain energy efficiency targets, a mandatory, binding energy intensity
standard should be triggered to ensure the required targets are attained.

Support for Cogeneration

Cogeneration (or, combined heat and power—CHP) is a super-efficient means of
co-producing two energy-intensive products that are usually produced separately—
heat and power. The technical and economical value of CHP has been widely dem-
onstrated, and some European countries rely heavily on CHP for producing power
and providing heat to industries, businesses, and households. The thermal energy
produced in co-generation can also be used for (building and process) cooling or to
provide mechanical power.
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While CHP already provides about 9 percent of all electricity in the United States,
there are considerable barriers to its wider cost-effective implementation (Elliott and
Spurr, 1999). Environmental standards should be refined to recognize the greater
overall efficiency of CHP systems, for example by assessing facility emissions on the
basis of fuel input, rather than useful energy output. Non-uniform tax standards
discourage CHP implementation in certain facilities. Moreover, utility practices are
generally highly hostile to prospective CHP operators, through discriminatory pric-
ing and burdensome technical requirements and costs for connecting to the grid.

In this study, we consider the impact of introducing policies that would establish
a standard permitting process, uniform tax treatment, accurate environmental
standards, and fair access to electricity consumers through the grid. Such measures
would help to unleash a significant portion of the enormous potential for CHP. In
this study we assumed 50 GW of new CHP capacity by 2010, and an additional 95
GW between 2011 and 2020. With electricity demand reduced by the various energy
efficiency policies adopted in this study, co-generated electricity reaches 8 percent
percent of total remaining electricity requirements in 2010 and 36 percent percent
in 2020.

3.2. Policies in the Electric Sector

A major goal of U.S. energy and climate policy will be to dramatically reduce car-
bon and other pollutant emissions from the electric sector, which is responsible for
more than one-third of all U.S. greenhouse gas emissions. We analyzed a set of poli-
cies in the electric sector that include standards and mechanisms to help overcome
existing market barriers to investments in technologies that can reduce emissions.
Three major policies—a renewable portfolio standard, a cap on pollutant emissions,
and a carbon cap and trade system—were considered as described below.

Renewable Portfolio Standard

A Renewable Portfolio Standard (RPS) is a flexible, market-oriented policy for ac-
celerating the introduction of renewable resources and technologies into the electric
sector. An RPS sets a schedule for establishing a minimum amount of renewable
electricity as a fraction of total generation, and requires each generator that sells
electricity to meet the minimum either by producing that amount of renewable elec-
tricity in its mix or acquiring credits from generators that exceed the minimum. The
market determines the portfolio of technologies and geographic distribution of facili-
ties that meet the target at least cost. This is achieved by a trading system that
awards credits to generators for producing renewable electricity and allows them to
sell or purchase these credits. Thirteen States—Arizona, Connecticut, Hawaii, Iowa,
Maine, Massachusetts, Minnesota, Nevada, New Jersey, New Mexico, Pennsylvania,
Texas, and Wisconsin—already have RPSs, and Senator Jeffords introduced a bill
in the 106th Congress (S. 1369) to establish a national RPS.

The RPS provides strong incentives for suppliers to design the lowest cost, most
reliable renewable electricity projects, and to identify niche applications and con-
sumers where the projects will have the greatest value. It also provides assurance
and stability to renewable technology vendors, by guaranteeing markets for renew-
able power, allowing them to capture the financial and administrative advantages
that come with planning in a more stable market environment. Yet it still maintains
a competitive environment that encourages developers to innovate. Finally, by accel-
erating the deployment of renewable technologies and resources, the RPS also accel-
erates the learning and economies of scale that allow renewables to become increas-
ingly competitive with conventional technologies. This is particularly important, as
the demands of climate stabilization in coming decades will require more renewable
energy than we can deploy in the next two decades.

In this study, we have applied an RPS that starts at a 2 percent requirement in
2002, grows to 10 percent in 2010, and to 20 percent in 2020, after all efficiency
policies are included. Wind, solar, geothermal, biomass, and landfill gas are eligible
renewable sources of electricity, but environmental concerns exclude municipal solid
waste (owing to concerns about toxic emissions from waste-burning plants) and
large-scale hydro (which also raises environmental concern and need not be treated
as an emerging energy technology as it already supplies nearly 10 percent of the
nation’s electricity supply).

As a modest addition to the RPS we provide a subsidy to grid-connected solar pho-
tovoltaic electricity generation. The purpose of this subsidy is to introduce a small
amount of this technology so that it can play a role in the generation mix, seeking
to induce technology learning, performance improvement and scale economies, and
ultimately increased fuel diversity and another zero emissions option for the longer
term. The level is kept small so that costs and price impacts are minimal.
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Tightening of SO and NOx Emission Regulations

Acid rain and urban air pollution remain serious problems in the United States.
The 1990 Clean Air Act Amendments attempted to address these problems, by intro-
ducing a cap-and-trade system to roughly halve the electric sector’s SO, emissions
by 2000, and imposing technology-specific standards for NOx emissions. Compliance
with the SO, standard proved markedly cheaper than initially expected; initial esti-
mates were mostly based on investments in “scrubbers” but the discovery of large
low-sulfur coal reserves in the Wyoming basins and a sharp decline in the cost of
rail transport resulted in lower costs.

Despite the improvements brought about by the Clean Air Act and its Amend-
ments, recent studies have confirmed that SO, and NOx continue to harm lake and
forest ecosystems, decrease agricultural productivity and affect public health
through its damaging affects on urban air quality (Clean Air Task Force, 2000). The
Clean Air Act only calls for minimal reductions in the cap by 2010 and no reduc-
tions after that.

In this study, we tighten the SO, cap so as to reduce sulfur emissions to roughly
40 percent of current levels by 2010 and one third of current levels by 2020. We
also impose a cap-and-trade system on NOx emissions in the summertime, when
NOx contributes more severely to photochemical smog. This system expands the cur-
rent cap and trade program, which calls on 19 States to meet a target in 2003 that
then remains constant, to include all States with a cap that is set first in 2003 but
decreases in 2010, relative to 1999 levels. The cap results in a 25 percent reduction
of annual NOx emissions by 2003, and a 50 percent reduction by 2010.

Carbon Cap-And-Trade Permit System

This study introduces a cap-and-trade system for carbon in the electric sector;
with the cap set to achieve progressively more stringent targets over time, starting
in 2003 at 2 percent below current levels, increasing to 12 percent below current
by 2010 and 30 percent below by 2020. Restricting carbon emissions from electricity
generation has important co-benefits, including reduced emissions of SO, and NOx,
as discussed above, fine particulate matter, which is a known cause of respiratory
ailments, and mercury, which is a powerful nervous system toxin and already con-
taminates over 50,000 lakes and streams in the United States. A progressively more
stringent target also reduces demand for coal, and hence mining-related pollution
of streams and degradation of landscapes and terrestrial habitats.

In the SO,, NOx, and CO; trading systems, permits are distributed through an
open auction, and the resulting revenues can be returned to households (e.g.,
through a tax reduction or as a rebate back to households). Recent analyses suggest
that an auction is the most economically efficient way to distribute permits, meeting
emissions caps at lower cost than allocations based on grandfather allowances or
equal per kWh allowances (Burtraw, et al. 2001). Implementing such auctions for
the electric sector will also clear the way for an economy-wide approach in future
years based on auctioning. In this study, the price of auctioned carbon permits
reaches $100 per metric ton carbon.

While not specifically targeted by the trading programs, the operators of the 850
old “grandfathered” coal plants built before the Clean Air Act of 1970, which emit
3-5 times as much pollution per unit of power generated than newer coal power
plants, will likely retire these plants rather than face the cost of purchase the large
amount of credits necessary to keep them running. When the Clean Air Act was
adopted, it was expected that these dirty power plants would eventually be retired.
However, utilities are continuing to operate these plants beyond their design life,
and have in fact increased their output over the last decade. By subjecting these
old plants to the same requirements as newer facilities, as has been done or is being
considered in several States including Massachusetts and Texas, operators would be
obliged to modernize the old plants or to retire them in favor of cleaner electric gen-
eration alternatives.

With a cap and trade system in place for CO,, SOx and NOx, this scenario re-
duces multiple emissions from power plants, in a manner similar to that adopted
in the Four Pollutant Bill currently before the House (H.R., 1256) and the Senate
(S. 556). The reductions in these three pollutants are as deep as those imposed in
the Four Pollutant bills, and are achieved within a comparable timeframe. (The De-
partment of Energy’s NEMS model unfortunately does not explicitly track mercury,
making it impossible to compare the results of this study to the mercury require-
ment in the Four Pollutant Bill. 8)

80n December 15, 2000, the EPA announced that mercury emissions need to be reduced, and
that regulations will be issued by 2004.
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3.3. Policies in the Transport Sector

Another goal of U.S. energy and climate policy will be to reduce carbon emissions
from the transport sector, which is responsible for about one-third of all U.S. green-
house gas emissions. We analyzed a set of policies in the transportation sector that
include improved efficiency (light duty vehicles, heavy duty trucks and aircraft), a
full fuel-cycle GHG standard for motor fuels, measures to reduce road travel, and
high speed rail.

Strengthened CAFE Standards

Today’s cars are governed by fuel economy standards that were set in the mid-
1970’s. The efficiency gains made in meeting those standards have been entirely
wiped out by increases in population and driving, as well as the trend toward gas-
guzzling SUVs. When the fuel economy standards were implemented, light duty
trucks only accounted for about 20 percent of vehicle sales. Light trucks now ac-
count for nearly 50 percent of new vehicle sales; this has brought down the overall
fuel economy of the light duty vehicle fleet, which now stands at its lowest average
fuel economy since 1981. If the fuel economy of new vehicles had held at 1981 levels
rather than tipping downward, American vehicle owners would be importing half a
million fewer barrels of oil each day.

We introduce in this study a strengthened Corporate Average Fuel Economy
standard for cars and light trucks, along with complementary market incentive pro-
grams. Specifically, fuel economy standards for new cars and light trucks rise from
EIA’s projected 25.2 mpg for 2001 to 36.5 mpg in 2010, continuing to 50.5 mpg by
2020. This increase in vehicle fuel economy would save by 2020 approximately twice
as much oil as could be pumped from Arctic National Wildlife Refuge oil field over
its entire 50-year lifespan (USGS, 2001).° Based on assessments of near-term tech-
nologies for conventional vehicles, and advanced vehicle technologies for the longer-
term, we estimate that the 2010 CAFE target can be met with an incremental vehi-
cle cost of approximately $855, and the 2020 CAFE target with an incremental cost
of $1,900. To put these incremental costs in perspective, they are two to three times
less than the fuel savings at the gasoline pump over the vehicle’s lifetime. 10
Improving Efficiency of Freight Transport

We also consider policies to improve fuel economy for heavy duty truck freight
transport, which accounts for approximately 16 percent of all transport energy con-
sumption. A variety of improvements such as advanced diesel engines, drag reduc-
tion, rolling resistance, load reduction strategies, and low friction drivetrains offer
opportunities to increase the fuel economy of freight trucks. Many of these tech-
nologies are available today while other technologies like advanced diesel and tur-
b]iOI;e engines have been technically demonstrated but are not yet commercially avail-
able.

To accelerate the improvement in heavy duty truck efficiency, we have considered
measures that expand R&D for heavy duty diesel technology, vehicle labeling and
promotion, financial incentives to stimulate the introduction of new technologies, ef-
ficiency standards for medium- and heavy-duty trucks, and fuel taxes and user-fees
calibrated to eliminate the existing subsidies for freight trucking. Together, it is es-
timated that these policies could bring about a fuel economy improvement of 6 per-
cent by 2010, and 23 percent by 2020, relative to today’s trucks.

Improving Efficiency of Air Travel

Air travel is the quickest growing mode of travel, and far more energy intensive
than vehicle travel. One passenger mile of air travel today requires about 1.7 times
as much fuel as vehicle travel. 1! We consider here policies for improving the effi-
ciency of air travel, including R&D in efficient aircraft technologies, fuel consump-
tion standards, and a revamping of policies that subsidize air travel through public
investments.

We assume that air travel efficiency improves by 23 percent by 2010, and 53 per-
cent by 2020. This is in contrast to the Base Case where efficiency increases by 9
percent by 2010 and 15 percent by 2020, owing to a combination of aircraft effi-
ciency improvements (advanced engine types, lightweight composite materials, and
advanced aerodynamics), increased load factor, and acceleration of air traffic man-
agement improvements (Lee et el, 2001; OTA, 1994; Interlaboratory Working Group,
2000). While we assume that air travel can reach 82 seat-miles per gallon by 2020

9Assuming a mean value at a market price of oil of $20/barrel.

10Assuming a retail price of gasoline of $1.50/gallon, a 10-year life of the vehicle, and 12,000
miles per year.

11Assuming typical load factors of 0.33 for autos and 0.6 for air.
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from its current 51, it is technologically possible that far greater efficiencies ap-
proaching 150 seatmiles/gal could be achieved, if not in that time period then over
the longer term. (Alliance to Save Energy et al, 1991).

Greenhouse Gas Standards for Motor Fuels

Transportation in the United States relies overwhelmingly on petroleum-based
fuels, making it a major source of GHG emissions. We introduce here a full fuel-
cycle GHG standard for motor fuels, similar in concept to the RPS for the electric
sector. The standard is a cap on the average GHG emissions from gasoline, and
would be made progressively more stringent over time. Fuel suppliers would have
the flexibility to meet the standard on their own or by buying tradable credits from
other producers of renewable or low-GHG fuel.

The policy adopted in this study requires a 3 percent reduction in the average na-
tional GHG emission factor of fuels used in light duty vehicles in 2010, increasing
to a 7 percent reduction by 2020. The policy would be complemented by expanded
R&D, market creation programs, and financial incentives. Such a program would
stimulate the production of low-GHG fuels such as cellulosic ethanol and biomass-
or solar-based hydrogen.

For this modeling study, we assume that most of the low-GHG fuel is provided
as cellulosic ethanol, which can be produced from agricultural residues, forest and
mill wastes, urban wood wastes, and short rotation woody crops (Walsh et al 1998;
Walsh, 1999). As cellulosic ethanol can be co-produced along with electricity, in this
study we assume that electricity output reaches 10 percent of ethanol output by
2010 and 40 percent by 2020 (Lynd, 1997). Due to the accelerated development of
the production technology for cellulosic ethanol, we estimate that the price falls to
$1.4 per gallon of gasoline equivalent by 2010 and remains at that price thereafter
(Interlaboratory Working Group, 2000).

Improving Alternative Modes to reduce Vehicle Miles Traveled

The amount of travel in cars and light duty trucks continues to grow due to in-
creasing population and low vehicle occupancy. Between 1999 and 2020, the rate of
growth in vehicle miles traveled is projected to increase in the Base Case by about
2 percent per year. The overall efficiency of the passenger transportation system can
be significantly improved through measures that contain the growth in vehicle miles
traveled through land-use and infrastructure investments and pricing reforms to re-
move implicit subsidies for cars, which are very energy intensive.

We assume that these measures will primarily affect urban passenger transpor-
tation and result in a shift to higher occupancy vehicles, including carpooling, van-
pooling, public transportation, and telecommuting. We consider that the level of re-
ductions of vehicle miles traveled that can be achieved by these measures relative
to the Base Case are 8 percent by 2010 and 11 percent by 2020.

High Speed Rail

High speed rail offers an attractive alternative to intercity vehicle travel and
short distance air travel. In both energy cost and travel time, high speed rail may
be competitive with air travel for trips of roughly 600 miles or less, which account
for about one-third of domestic air passenger miles traveled. Investments in rail fa-
cilities for key inter-city routes (such as the Northeast corridor between Washington
and Boston, the East cost of Florida between Miami and Tampa, and the route link-
ing Los Angeles and San Francisco) could provide an acceptable alternative and re-
duce air travel in some of the busiest flight corridors (USDOT, 1997).

High speed rail can achieve practical operating speeds of up to 200 mph. Promi-
nent examples include the French TGV, the Japanese Shinkansen, and the German
Intercity Express. An emerging advanced transport technology is the maglev system
in which magnetic forces lift and guide a vehicle over a specially designed guideway.
Both Germany and Japan are active developers of this technology.

In this analysis we have taken the DOT’s recent estimates of the potential high
speed rail ridership which, based on projected mode shifts from air and automobile
travel in several major corridors of the United States, reaches about 2 billion pas-
senger miles by 2020 (DOT, 1997). While this level of HRS ridership provides rel-
atively small energy and carbon benefits by 2020, it can be viewed as the first phase
of a longer-term transition to far greater ridership and more advanced, faster and
efficient electric and MAGLEV systems in the ensuing decades.

4. Methods and Assumptions

The modeling for this study was based primarily on the National Energy Modeling
System (NEMS) of the U.S. Department of Energy, Energy Information Administra-
tion (DOE/EIA) (EIA, 2001). The NEMS model version, data and assumptions em-
ployed in this study were those of EIA’s Annual Energy Outlook (EIA 2001), which



40

also formed the basis for the Base Case. We refined the NEMS model with advice
from EIA, based on their ongoing model improvements, and drawing on expert ad-
vice from colleagues at ACEEE and the Union of Concerned Scientists, the National
Laboratories and elsewhere. 12

The NEMS model takes account of the interactions between electricity supply and
demand (aggregated residential, commercial and industrial), taking account of the
mix of competitive and still regulated pricing in the United States. It accounts for
the feedback effects between electricity market and power plant construction deci-
sions, as well as the links between fuel demands, supplies and prices.

Our use of NEMS for this project focused on the Electricity Market Module
(EMM), complemented by the Oil and Gas Supply Module (OGSM). The EMM starts
with the detailed fleet of existing power plants in the 13 electric sector regions of
the U.S, and also represents power imports from neighboring Canadian regions. It
makes dispatch, construction, interregional purchase and retirement decisions based
upon the regional electricity demands and the cost and performance characteristics
of existing and new electric supply options, adhering to national pollutant caps and
any State-level RPS requirements. It also takes account of cost reductions of new
power plants with increased units in operation (learning and scale economies). The
OGSM tracks changes in prices of natural gas and petroleum fuels based on changes
in their demand.

Analyses of the costs and demand impacts of policies to promote energy efficiency
and cogeneration in the residential, commercial, and industrial sectors were taken
primarily from American Council for an Energy Efficient Economy (ACEEE, 1999;
ACEEE, 2001). The electric generation, fuel, emissions and monetary savings from
these policies were obtained using NEMS, to take account of all of the interactive
and feedback effects described above. NEMS was used also to obtain the interactive
effects of the policies affecting electricity demand and those, such as renewable, car-
bon and emission standards, which affect the electricity supply mix.

For example, we used information from ACEEE to lower the fuel and electricity
demand within NEMS based on policies in the demand sectors. We ran NEMS to
determine the new mix of electricity generation (based on changes in both electricity
demand and the electricity sector policies). This resulted in decreased demand for
oil and gas, leading to lower prices. NEMS iterates internally between energy sup-
ply and demand to seek a consistent solution.

Analyses of the policy impacts in the transportation sector took account of vehicle
stock turnover, fuel-efficiencies and travel indices, and were benchmarked to the
structure, data and baseline projections of the AEO,001. Following assumptions for
light duty vehicle efficiency in ACEEE (2001) and other sources (DeCicco, Ross and
An, 2001), we accounted for both autonomous and policy-induced vehicle efficiency
improvement, shifts between transport modes, and changes in demand for transport
services.

5. Results

Carbon dioxide emissions in the United States have been rising over the past dec-
ade, and now exceed by more than 15 percent the 1990 emission rate of 1338 MtC/
yr (EIA, 2001b). The U.S. Department of Energy (EIA, 2001a) business-as-usual sce-
nario projects that these emissions will to continue to rise to 1808 MtC/yr in 2010—
a 35 percent increase above 1990 levels. This is in stark contrast to the emissions
limit that the United States negotiated at Kyoto—a 7 percent decrease below 1990
levels.

5.1. Overview of Results

Table 5.1 provides summary results on overall energy and carbon impacts, pollut-
ant emissions impacts, and economic impacts for the Base and Climate Protection
cases for 2010 and 2020. The portfolio of carbon-reducing policies and measures
composed for this Climate Protection scenario brings the United States a long way
toward meeting its Kyoto target, reducing carbon emissions from today’s level to
1372 MtC/yr by 2010—but still 2.5 percent above 1990 levels. Reductions continue
beyond 2010, and national emissions are reduced to 1087 MtC/yr in 2020, well below
1990 levels.

12More detailed discussions of the approach taken for sectoral po